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PREFACE  TO  THE  FIRST  EDITION. 


Within  the  last  quarter  of  a  century  the  rudiments  of 
education  have  been  attained  by  a  vast  body  of  the  people  J 
these  tools  of  knowledge,  being  therefore  at  their  command, 
should  be  employed  in  rearing  up  that  mental  edifice, 
perishable  only  with  life,  which  ennobles  the  possessor,  and 
by  its  utility  gives  world-wide  fame  to  a  community. 

Science  was  for  a  long  period  clad  in  antiquated  and 
technical  phraseology,  causing  it  to  be  difficult  and  repul- 
sive to  the  popular  mind,  and  requiring  for  its  attainment 
a  greater  degree  of  preparatory  study  than  was  withni 
the  power  of  many  to  obtain.  Thus  the  beauty  and  sim- 
plicity of  the  laws  of  nature  remained  a  sealed  book  to  the 
majority  of  readers;  and  the  writers  on  the  subject  had  to 
charge  a  high  price  for  their  works  in  consequence  of  the 
limited  demand  for  them.  ■ 

Some  years  ago  Dr.  Arnott  issued  his  able  work  '  The 
Elements  of  Physics/  in  which  almost  all  difficult  and 
learned  terms  were  discarded,  and  the  sciences  unfolded  in 
all  the  beautiful  simplicity  of  their  nature,  adorned  only  by 
poetic  language  called  forth  by  the  sublimity  of  the  sub- 
ject. This  work  has  been  long  out  of  print;  while  its 
high  price  rendered  it  accessible  only  to  the  few.  Since 
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its  publication,  science  has  made  gigantic  strides,  and 
every  day  reveals  some  new  wonder  or  important  appli- 
cation. 

We  have  ventured  on  the  same  path  as  the  learned 
Doctor,  with  the  advantage  of  having  had  him  for  a  pre- 
decessor, and  trust  we  have  produced  a  useful  work.  In 
pursuance  of  this  object,  every  pains  has  been  taken  to 
give  such  illustrations  as  may  enable  the  eye  to  convey 
to  the  mind  what  would  else  be  difficult  of  comprehension. 

It  will  be  seen  that  the  subjects  of  Natural  Philo- 
sophy are  often  as  intensely  exciting  as  a  powerfully- 
drawn  romance ;  with  this  difference,  that  the  passions  are 
not  wrought  upon,  but  the  moral  feelings  aroused,  the 
pleasure  of  life  increased,  and  our  reverence,  awe,  and  love 
of  the  Creator  deepened  by  a  knowledge  of  the  phenomena 
with  which  nature  surrounds  us.  The  Prince  Consort,  in 
a  recent  address,  has  given  an  epitome  of  the  utility  and 
importance  of  Natural  Philosophy.  "  Man/'  observes  the 
noble  and  enlightened  Prince,  "is  approaching  a  more 
complete  fulfilment  of  that  great  and  sacred  mission  which 
he  has  to  perform  in  this  world.  His  reason  being  created 
after  the  image  of  God,  he  has  to  use  it  to  discover  the 
laws  by  which  the  Almighty  governs  his  creation,  and  by 
making  these  laws  his  standard  of  action,  to  conquer 
Nature  to  his  use — himself  a  Divine  instrument.  Science 
discovers  these  laws  of  power,  motion,  and  transformation ; 
industry  applies  them  to  the  raw  material  which  the 
earth  yields  us  in  abundance,  but  which  becomes  valuable 
only  by  knowledge." 

To  aid  the  progress  of  our  countrymen  to  the  highest 
mental  condition,  to  fertilise  the  seeds  of  genius,  to  pro- 
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mote  sound  education^  to  give  that  elevating  tone  to  tlie 
popular  miud  so  productive  of  happiness,  to  implant  a  love 
of  knowledge  in  the  rising  generation,  and  a  full  apprecia- 
tion of  the  wonders  of  the  works  of  God,  has  been  the 
desire  and  the  aim  of 

JABEZ  HOGG. 

June,  1853. 


PREFACE  TO  THE  SECOND  EDITION. 

It  is  unnecessary  to  say  more  about  the  plan  and  purport 
of  this  Elementary  Treatise,  the  sale  of  an  edition  of  ten 
thousand  copies  having  made  it  well  known,  and  given  suffi- 
cient evidence  of  public  approval ;  it  will  suffice  therefore 
if  I  briefly  state  in  what  this  Second  Edition  differs  from 
the  former. 

In  the  first  place,  it  has  been  deemed  advisable  by  my 
publisher  to  change  the  form  and  size,  and  thus  make  it 
uniform  with  the  many  valuable  works  he  has  issued  to  the 
public  from  time  to  time,  and  which  enjoy  a  world-wide 
reputation :  in  so  doing  he  has  added  considerably  to 
the  number  of  pages,  and  inserted  numerous  new  en- 
gravings. Besides  this,  the  whole  of  the  text  has  received 
a  careful  revision,  and  much  new  matter  has  been  every- 
where incorporated,  with  the  view  of  bringing  the  present 
edition  down  to  the  knowledge  and  discoveries  of  the 
day,  so  as  to  render  it  more  acceptable  to  the  student  and 
the  public.  J.  H. 


June,  1861. 
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If  wc  examine  the  mere  signification  of  the  two  words 
jSTatuhal  PiHXLOSOPHT,  we  find  that  natural  means  something 
that  is  produced  by  nature ;  and  philosophy,  from  the  Greek, 
is  literally  ''love  of  wisdom  or  knowledge."  Thus,  then,  the 
words  imply  love  of  a  laiowledge  of  the  productions  of  nature 
or  God.  Ejaowledge,  in  its  true  sense,  is  an  accumulation  of 
facts ;  these  man  carefully  collects,  and  reasoning  thereupon, 
is  capable  of  penetrating  many  of  the  secret  worldngs  of  natm-e, 
and  turrung  such  acquisition  to  his  peculiar  advantage.  Na- 
tural Philosophy  is  also  termed  Phtsics  ;  that  is,  a  study  of 
nature  by  means  of  the  strictest  modes  of  investigation  the 
inteUeet  of  man  has  at  command. 

Man  cannot  form  any  of  the  materials  of  nature ;  but  by  a 
knowledge  of  their  properties  he  may  shape  them  to  his  own 
use,  which  is  called  Art.  He  must  have  studied  the  peculiar 
quality  of  iron-stone  before  he  knew  the  ti'easure  it  contained; 
the  effect  of  heat  upon  it  he  must  have  tried  before  he  could 
fabricate  the  rough  chisel  to  rend  from  the  quarry  and  fashion 
the  stone  under  which  he  found  shelter.  The  iron  and  stone 
are  the  productions  of  nature;  the  cbisel,  the  form  of  the 
stone,  and  the  house,  are  the  efi'orts  of  art. 

"Wide  is  the  scope  of  Natural  Philosophy.  It  leads  to  an 
acquaiatance  with  the  laws  that  keep  the  planets  in  theii' 
imdcviating  path ;  it  treats  of  the  phenomena  of  the  earth, 
the  air,  and  the  ocean ;  of  the  simple  principles  of  mechanism 
that  man  employs;  of  the  faUing  of  the  silent  dew  or  the 
rushing  of  the  roaring  catai-act ;  of  the  heat  of  summer  and 
the  frost  of  winter ;  of  the  zephyr-breeze  or  the  destructive 
tornado ;  of  the  swimming  of  fishes  or  the  flying  of  birds ;  of 
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the  ripple  of  the  placid  lake  or  the  mountain  waves  of  the 
ocean ;  of  the  grace,  motion,  and  powers  of  the  human  form  ; 
of  the  mechanism  of  the  voice,  the  ear,  and  the  eye. 

By  an  acquaintance  -with  its  fii-st  principles — the  emhellish- 
ments  of  a  palace,  the  necessities  of  a  cottage,  the  swinging  of 
a  carriage,  and  the  management  of  a  dray,  are  all  better 
accomplished.  The  elasticity  of  air  and  steam,  that  drives 
the  vessel  despite  of  tide  or  wind,  or  sends  tons  of  merchandize 
with  sui-prising  velocity  to  the  extremes  of  a  kingdom,  are  by 
its  teaching  comprehended.  Knowing  the  cause  of  the  awful 
voice  of  thunder,  of  the  terrific  destruction  of  lightning,  and 
of  the  peaceful  beauties  of  the  rainbow,  much  ignorant  teaching- 
is  disjjelled.  Man  has  so  advanced  in  his  comprehension  of 
nature,  that  he  chains  one  of  the  most  fearful  elements  to  his 
use,  which  he  guides  and  directs  as  if  it  were  possessed  of 'the 
feebleness  of  a  helpless  babe ;  with  it  he  sends  his  thoughts 
with  a  speed  surpassing  the  rapid  flight  of  time.  No  one  can 
feel  but  abashed  at  not  understanding  the  simple  principles 
that  produce  such  seemingly  miraculous  effects. 

It  is  the  duty  of  the  natural  philosopher,  and  the  student 
in  physics,  to  ascertain  the  nature  and  causes  of  the  myste- 
rious phenomena  by  which  we  are  surrounded.  Ultimate 
causes  are  certainly  beyond  our  powers  of  analysis ;  we  may 
ai)proximate  to  a  knowledge  of  some'  of  them,  but  we  cannot 
ascertain  their  nature,  or  the  actual  extent  of  their  influence. 
Nearly  all  the  appearances  in  nature  may  be  resolved  into  the 
production  of  motion  ;  and  we  are  able  to  ascertain  its  laws, 
but  cannot  discover  its  origin. 

The  most  important  progress  in  Natural  Philosophj-  by 
which  the  present  century  is  distinguished,  has  been  the  dis- 
covery of  a  general  law  which  embraces  and  rules  all  the 
various  branches  of  physics  and  chemistry.  This  law  is  of  as 
much  iaiportance  for  the  highest  speculations  on  the  nature  of 
forces,  as  for  immediate  and  practical  questions  in  the  con- 
struction of  machines.    This  law  is  now  known  by  the  name 
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of  "the  principle  of  conservation  of  force."  It  might  be 
better  perhaps  to  call  it,  with  Mi-.  Kankine,  "  the  conservation 
of  energy,"  because  it  does  not  relate  to  that  which  "we  call 
commonly  intensity  of  force.  It  does  not  mean  that  the 
intensity  of  the  natural  force  is  constant ;  but  it  relates  more 
to  the  whole  amount  of  power  which  can  be  gained  by  any 
natural  process,  and  by  which  a  certain  amount  of  work  can 
be  done.  Por  example :  if  we  apply  this  law  to  gravity,  it 
does  not  mean,  what  is  strictly  and  undoubtedly  true,  that  the 
intensity  of  the  gravity  of  any  given  body  is  the  same  as  often 
as  the  body  is  brought  back  to  the  same  distance  from  the 
centre  of  the  earth.  Or  with  regard  to  the  other  elementary 
forces  of  nature,  chemical  force :  when  two  chemical  elements 
come  together,  so  that  thuy  influence  each  other  either  from  a 
distance  or  by  immediate  contact,  they  wiU  alwa3'-s  exert  the 
same  force  upon  each  other — the  same  force  both  in  intensity, 
and  in  its  direction,  and  in  its  quantity.  This  other  law,  indeed, 
is  true ;  but  it  is  not  the  same  as  the  principle  of  conservation 
of  force.  "We  may  express  the  meaning  of  the  law  of  conser- 
vation of  force  by  saying,  that  every  force  of  nature,  when  it 
effects  any  alteration,  loses  and  exhausts  its  faculty  to  effect 
the  same  alteration  a  second  time.  But  whUe,  by  every 
alteration  in  nature,  that  force  which  has  been  the  cause  of 
this  alteration  is  exhausted,  there  is  always  another  force 
which  gains  as  much  power  of  producing  new  alterations  in 
nature  as  the  first  has  lost.  Although,  therefore,  it  is  the 
nature  of  all  inorganic  forces  to  become  exhausted  by  their 
own  worldng,  the  power  of  the  whole  system  in  which  these 
alterations  take  place,  is  neither  exhausted  nor  increased  in 
quantity,  but  only  changed  in  form.  Some  special  examples 
wUl  enable  us  better  to  understand  this  law  than  any  general 
theories.  To  begin  with  gravity, — that  most  general  force, 
which  not  only  exerts  its  influence  over  the  whole  imiverse, 
but  which  at  the  same  time  supplies  the  motive  power  to  a 
very  large  number  of  our  machines.    Clocks  and  smaller 
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machines  are  generally  set  in  motion  by  a  weight.  The  same 
is  really  the  case  with  water-mills.  Water-mills  are  driven 
by  falling  water,  and  it  is  the  gravity,  the  weight  of  the  falling 
water,  which  moves  the  mill.  Now  by  water-mills,  or  by  a 
falling  weight,  any  machine  can  be  put  in  motion ;  and  by 
such  motive  power  every  sort  of  work  can  be  done  which  can 
be  done  at  all  by  any  machine.  Therefore  the  weight  of  a 
heavy  body,  either  solid  or  fluid,  which  descends  fi-om  a  higher 
jjlace  to  a  lower  place  is  a  motive  power,  and  can  do  every 
sort  of  mechanical  work.  But  if  the  weight  has  fallen  down 
to  the  earth,  then  it  has  the  same  amount  of  gravity,  the  same 
intensity  of  gravity  ;  and  its  power  to  move,  its  power  to  work, 
is  exhausted ;  it  must  become  again  raised  before  it  can  work 
anew.  In  this  sense,  therefore,  the  faculty  of  producing  a 
new  work  is  exhausted — ^is  lost ;  and  this  holds  true  of  every 
power  of  nature,  when  this  power  has  once  produced  altera- 
tion. 

Hence  therefore  the  faculty  of  producing  work,  of  doing 
work,  does  not  depend  upon  the  intensity  of  gravity.  ,  The 
intensity  of  gravity  may  be  the  same,  the  weight  may  be  in  a 
higher  position  or  in  a  lower  position,  but  the  power  to  vrork 
may  be  quite  different.  The  power  of  a  weight  to  work,  or 
the  amount  of  work  which  can  be  produced  by  a  weight,  is 
measured  by  the  product  of  the  height  to  which  it  is  raised, 
and  the  weight  itself.  Therefore  our  common  measure  is 
foot-pound,  that  is,  the  product  of  the  number  of  feet  and  the 
number  of  pounds.  Again,  we  can  by  the  force  of  a  falling 
weight  raise  another  weight ;  as,  for  example,  the  falling 
water  in  a  water-mill  may  raise  the  weight  of  a  hammer. 
Therefore  it  can  be  shown  that  the  work  of  the  raised  hammer, 
expressed  in  foot-poimds,  that  is,  the  weight  of  the  hammer 
multiplied  by  the  height  expressed  in  feet  to  which  it  is  raised, 
— that  this  amount  of  work  cannot  be  greater  than  the  pro- 
duct of  the  weight  of  water  which  is  falling  do-RTi,  and  the 
height  from  which  it  fell  down.    We  have  yet  another  form 
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of  mechauical  motive  power,  that  is,  velocity.  The  velocity  of 
any  body  in  this  sense,  if  it  is  producing  -work,  is  called  vis 
viva,  or  the  li\-ing  force,  of  that  body.  Take  a  rifle  ball  as  an 
example.  "When  shot  off  it  acquires  great  velocity,  and  has 
immense  destructive  power ;  as  soon  as  it  has  lost  its  velocity, 
it  is  once  more  a  harmless  thing.  The  great  power  it  has 
depends  only  on  its  velocity.  In  the  same  sense,  the  velocity 
of  the  air,  the  velocity  of  the  wind,  is  a  motive  power ;  for  it 
can  drive  windmills,  and  by  the  machinery  of  the  windmUls  it 
can  do  every  kind  of  mechanical  work.  This  proves  to  us 
that  velocity  in  itself  is  a  motive  force. 

Take  a  pendulum  which  swings  to  and  fro.  If  the  pendulum 
be  raised  to  the  side,  the  weight  is  raised  up ;  it  is  a  little 
higher  than  when  it  hangs  perpendicularly.  Now  if  we  let  it 
fall,  and  it  comes  to  its  position  of  equilibrium,  it  has  gained  a 
certain  velocity.  Therefore,  at  first,  we  had  motive  power  in 
the  foiTQ  of  a  raised  weight.  If  the  pendulum  comes  again  to 
the  position  of  equilibrium,  we  have  motive  power  in  the  form 
of  vis  viva,  in  the  form  of  velocity,  and  then  the  pendulum 
goes  again  to  the  other  side,  and  it  ascends  again  till  it  loses 
its  velocity ;  then,  again,  vis  viva  or  velocity  is  changed  into 
elevation  of  the  weight ;  thus  we  see  in  every  pendulum  that 
the  power  of  a  raised  weight  can  be  changed  into  velocity,  and 
velocity  into  the  power  of  a  raised  weight.  These  two  are 
equivalent. 

Again,  take  the  elasticity  of  a  bent  spring.  It  can  do  work, 
it  can  move  machines,  watches.  The  cross-bow  contains  such 
a  spring.  These  spiings  of  the  watch  and  cross-bow  are  bent 
by  the  force  of  the  human  arm,  and  they  become  in  that  Avay 
reservoirs  of  mechanical  power.  The  mechanical  power  which 
is  communicated  to  them  by  the  force  of  the  human  arm, 
afterwards  is  given  out  by  a  watch  during  the  next  day.  It 
is  spent  by  degrees  to  overpower  the  friction  of  the  wheels. 
By  the  cross-bow,  the  power  is  spent  suddenly.  If  the  instru- 
ment is  shot  off,  the  whole  amount  of  force  Avkich  is  commu- 
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Tucated  to  the  spring  is  then  again  communicated  to  the  shaft, 
and  gives  it  great  i)ower. 

Now  the  elasticity  of  air  can  be  a  motive  power  in  the  same 
way  as  the  elasticity  of  solid  bodies ;  if  air  is  compressed,  it 
can  move  other  bodies :  let  us  take  the  air-gun ;  there  the 
case  is  the  same  as  with  the  cross-bow.  The  air  is  compressed 
by  the  force  of  the  human  arm;  it  becomes  a  reservou-  of 
mechanical  power ;  and  if  it  is  shot  off,  the  power  is  com- 
municated to  the  ball  in  the  form  of  vis  viva,  and  the  ball  has 
afterwards  the  same  mechanical  power  as  is  communicated  to 
the  ball  of  a  gun  loaded  with  powder. 

The  elasticity  of  compressed  gases  is  also  the  motive  power 
of  the  mightiest  of  our  engines,  the  steam-engine  ;  but  there 
the  case  is  different.  The  machinery  is  moved  by  the  force  of 
the  compressed  vapours,  but  the  va]Dours  are  not  compressed 
by  the  force  of  the  human  arm,  as  in  the  case  of  the  compressed 
air-gun :  the  compressed  vapours  are  produced  immediately  in 
the  interior  of  the  boiler  by  the  heat  which  is  commimicated 
to  the  boiler  from  the  fuel.  Therefore  in  this  case  the  heat 
■comes  in  the  place  of  the  force  of  the  human  arm,  so  that  we 
learn  by  this  example,  that  heat  is  also  a  motive  power.  This 
part  of  the  subject,  the  equivalence  of  heat  as  a  motive  power, 
with  mechanical  power,  has  been  that  branch  which  lias  ex- 
cited the  greatest  interest,  and  has  been  the  subject  of  deep 
research.  It  may  be  considered  as  proved,  that  if  heat  pro- 
duces mechanical  power,  that  is,  mechanical  work,  a  certain 
amount  of  heat  is  always  lost.  On  the  other  hand,  heat  can 
he  also  produced  by  mechanical  power ;  namely,  by  friction 
and  the  concussion  of  iiuelastic  bodies.  You  can  bring  a  piece 
of  iron  into  a  high  temperature,  so  that  it  becomes  glowing  and 
luminous,  by  only  beating  it  continuously  with  a  hammer. 
Now,  if  mechanical  power  is  produced  by  heat,  we  always  find 
that  a  certain  amount  of  heat  is  lost,  and  this  is  proportional 
to  the  quantity  of  mechanical  work  produced  by  that  heat. 
We  measure  mechanical  work  by  foot-pounds,  and  the  amount 
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of  heat  we  measure  by  the  quantity  of  heat  which  is  necessaiy 
to  raise  the  temperature  of  one  pound  of  water  by  one  degree, 
taking  the  Centigrade  scale.  The  equivalent  of  heat  has  been 
determined  by  Mr.  Joule,  of  Manchester.  He  found  that  one 
unit  of  heat,  or  that  quantity  of  heat  which  is  necessary  for 
raising  the  temperatui'e  of  a  pound  of  water  one  degree  Centi- 
grade, is  equivalent  to  the  mechanical  work  by  which  the  same 
mass  of  water  is  raised  to  423^  metres,  or  1389  English  feet. 
This,  then,  is  the  mechanical  equivalent  of  heat. 

Hence,  if  we  produce  so  much  heat  as  is  necessary  for  raising; 
the  temperature  of  one  pound  of  water  by  one  degree,  then 
we  must  apply  an  amount  of  mechanical  work  equal  to 
raising  one  pound  of  water  1389  English  feet,  and  lose  it  for 
gaining  that  heat. 

By  these  considerations  it  is  proved  that  heat  cannot  be  a 
ponderable  matter,  but  that  it  must  be  a  motive  power,  because' 
it  is  converted  into  motion  or  into  mechanical  power,  and  can 
bo  either  produced  by  motion  or  mechanical  power.  Now,  in 
the  steam-engine  we  find  that  heat  is  the  originator  of  the 
motive  poAver,  but  the  heat  is  produced  by  burning  fuel,  and 
therefore  the  origin  of  the  motive  power  is  to  be  found  in  tlie 
fuel ;  that  is,  ia  the  chemical  forces  of  the  fuel,  and  in  the 
oxygen  ^vith.  which  the  fuel  combines. 

Prom  this  Ave  find  that  chemical  forces  can  produce  me- 
chanical work,  and  can  be  measured  by  the  same  units  and 
by  the  same  measures  as  any  other  mechanical  force.  "Wo- 
may  consider  the  chemical  forces  as  attractions,  in  this  instance, 
as  attraction  of  the  carbon  of  the  fuel  for  the  oxygen  of  the 
air ;  and  if  this  attraction  unite  the  two  bodies,  it  produces 
mechanical  work  just  in  the  same  way  as  the  earth  produces, 
work,  if  it  attract  a  heavy  body.  Now  the  conservation  of 
force,  of  chemical  force,  is  of  great  importance,  and  it  may  be 
expressed  in  this  Avay.  If  Ave  have  any  quantity  of  chemical 
materials,  and  if  we  cause  them  to  pass  from  one  state  into  a 
second  state,  in  any  way,  so  that  the  amount  of  the  materials- 
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at  the  beginning,  and  the  amount  of  the  materials  at  the  end 
of  this  process  be  the  same,  then  we  have  always  the  same 
amount  of  work,  of  mechanical  work,  or  its  equivalent,  done 
dming  this  process.  ]N'either  more  nor  less  work  can  be  done 
by  the  process. 

Commonly,  no  mechanical  work  in  the  ordinary  sense  is 
done  by  chemical  force,  but  usually  it  produces  only  heat ; 
hence  the  amount  of  heat  produced  by  any  chemical  process 
must  be  independent  of  the  way  in  which  that  chemical  pro- 
cess goes  on.-  The  way  may  be  determined  by  the  wiU  of  the 
experimenter  as  he  likes. 

"  We  see,  therefore,"  MTitcs  Professor  Hclmholtz,  "  that  the 
energy  of  every  force  in  nature  can  be  measured  by  the 
same  measure,  by  foot-pounds,  and  that  the  energy  of  the 
whole  system  of  bodies  which  are  not  under  the  influence  of 
any  exterior  body  must  be  constant ;  that  it  cannot  be  lessened 
or  increased  by  any  change,  Now  the  whole  universe  repre- 
sents such  a  system  of  bodies  endowed  with  different  sorts  of 
forces  and  of  energy,  and  therefore  we  conclude  from  such  facts 
that  the  amount  of  working  power,  or  the  amount  of  energy 
on  the  whole  system  of  the  universe,  must  remain  the  same, 
quite  steady  and  unalterable,  whatever  changes  may  go  oji  in 
the  universe." 

Again,  in  the  words  of  Professor  Thomson,  "  We  can  now 
look  on  space  as  fidl.  We  know  that  light  is  propagated 
nice  sound,  through  pressure  and  motion.  We  know  that 
there  is  no  substance  of  caloric — that  inscrutably  minute 
motions  cause  the  expansion  which  the  tliermometer  marks, 
and  stimulates  our  sensations  of  heat — ^that  fire  is  not  laid  up 
in  coal  more  than  in  a  Ley  den  jar :  there  is  potential  fire  in 
each.  If  electric  force  depends  on  a  residual  surface  action, 
a  resultant  of  an  inner  tension,  experienced  by  the  insulating 
medium,  we  can  conceive  that  electricity  itself  is  to  be  under- 
stood, as  not  an  accident,  but  an  essence  of  matter.  What- 
ever electricity  is,  it  seems  quite  certain  that  electricity  in 
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motion  is  heat ;  and  that  a  certain  alignment  of  axes  of  revo- 
lution in  this  motion  is  magnetism.  Faraday's  magneto-optic 
experiment  makes  this  not  a  hypothesis,  but  a  demonstrated 
conclusion.  Thus  Foucault's  gyroscope  finds  the  earth's  axis 
of  palpable  rotation ;  and  the  magnetic  needle  shows  that  more 
subtle  rotatory  movement  iu  matter  of  the  earth,  which  we 
call  terrestrial  magnetism,  all  by  one  and  the  same  dynamical 
action." 

Many  of  the  facts  here  lightly  spoken  of  will  necessaiily 
come  under  consideration  in  the  pages  of  this  work,  but  to 
promote  inquiry  and  lead  the  reader  to  a  fuller  and  deeper 
acquaintance  with  the  physical  sciences,  we  enumerate  a  few 
of  the  more  important  works,  all  of  which  indeed  should  be 
read  by  any  one  who  desii'es  to  make  himself  thoroughly  ac- 
quainted with  the  advanced  state  of  scientific  research  in  the 
present  day :  N'ewton's  Principia  and  Natural  Philosophj', 
and  Dr.  Young's  J^^atural  Philosophy,  books  wliich  should  be 
studied  by  all ;  Peschel's  Elements  of  Physics,  translated  by 
West ;  Perguson's  Mechanics,  by  [Sir  D.  Brewster ;  Eankine's 
Applied  Mechanics ;  and  the  Encyclopaedia  MetropoKtana. 

Among  continental  authors,  the  works  of  Pouillet,  Poisson, 
Biot,  and  Quetelet,  will  repay  any  amount  of  time  and  trouble 
bestowed  on  them. 

The  laws  of  Statics  and  Dynamics  are  treated  of  mathemati- 
cally in  "Wood's  Mechanics,  edited  by  Snowball;  Whewell's 
Mechanics  and  Dynamics  ;  Earnshaw's  Statics  and  Djmamics ; 
Wilson's  Dynamics;  Moseley's  Mechanics,  and  Mechanical 
Principles  and  Engineering ;  and  WilHs's  Principles  of  Me- 
chanics. The  whole  subject  of  Fluid  Mechanics  will  be  found 
treated  of  mathematically  in  Miller's  Hydrostatics  and  Hydro- 
dynamics; Moseley's  Hydrostatics,  and  Pratt's  Mechanical 
Philosophy ;  and  the  many  papers  of  Young,  Gregory,  Play- 
fair,  &c.  in  the  several  Cyclopcedias. 

In  Acoustics,  the  student  is  recommended  to  refer  to  the 
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article  on  Soimd,  in  tlie  Cyclopoedia  Metropolitana,  by  Sir  John 
Herschel ;  also  to  the  works  of  Chladni,  Savart,  and  Weber. 

In  Optics,  to  Sir  J.  Herschel's  Treatise  on  Light,  in  the 
Cyclopoedia  Metropolitana ;  Sir  D.  Brewster's  Optics ;  and 
Dr.  Young's  Natural  Philosophy ;  and  for  fuller  information  on 
Polarized  Light,  to  Baden  Powell's  edition  of  Dr.  Pereira's 
Lectures ;  the  Philosophical  Transactions ;  and  lIi".  Griffin's 
investigations  of  the  laws  of  double  refraction. 

In  Photography,  to  Hmit's  Treatise,  and  Hardwich's  Manual 
of  Photographic  Chemistry. 

In  Heat,  the  article  in  the  Cyclopcedia  Metropolitana,  and 
the  papers  of  Melloni,  Forbes,  Joule,  and  Professor  Hehnholtz. 

In  Electricity  and  Galvanism,  the  worlvs  of  Faraday,  Bee- 
quercl,  Pouillet,  Coulomb,  De  la  Rive,  Daniell,  and  load's 
Manual. 

In  Organic  Electricity  and  Animal  Magnetism,  Midler's 
Physiology,  Tiedeman's  Traite  complet  de  Physiologic,  and 
Dr.  Golding  Bird's  Lectures;  besides  which  many  valuable 
papers  will  be  found  scattered  throughout  the  Philosophical 
Transactions. 
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CHAPTER  I. 
MATTER  AND  ITS  PROPERriES. 

Nature  of  Matter.  . 

The  earth  and  the  whole  imiverse  is  composed  of  matter.  It 
is  very  difficult  to  give  a  coiTect  philossophic  definition  of  matter ; 
but  it  may  be  said  to  include  everything  which  occupies  space, 
which  offers  resistance  to  the  touch,  or  which  can  be  weighed. 
All  these  three  properties  may  be  discovered  in  every  variety 
of  solid,  of  liquid,  and  of  air  or  gas.  Solids,  liquids,  and  gases 
are  alike  material,  but  differ  from  one  another  in  the  manner 
in  which  their  particles  are  arranged.  In  solids  these  particles 
are  close  to  one  another,  and  adhere  to  form  a  mass,  more  or 
less  finn.  In  liquids  the  particles  are  close,  but  do  not  adhere 
to  form  a  mass.  In  gases  the  particles  are  at  some  distance 
from  each  other,  and  float  about  in  all  directions. 

Scientific  men  at  the  present  day  have  very  generally  come 
to  the  conclusion  that  all  bodies  are  composed  of  a  number  of 
infinitely  smaU  particles,  called  atoms,  or  molecules.  This  is 
rendered  probable  by  a  number  of  facts  in  chemistry,  but  cannot 
certainly  be  proved,  inasmuch  as  these  atoms  must  be  of  a  size 
which  places  them  altogether  beyond  human  ken, — in  fact,  of  a 
smalLiess  so  extreme  that  it  can  hardly  bo  expressed  by 
Jirithmctic.    This  we  know  by  the  manner  in  which  all  known 

B 


2 


IIATTEE  AND  ITS  PEOPEETIES. 


bodies  admit  of  being  divided  or  reduced  to  smaller  parts, 
whereas  the  nature  of  atoms  is  such  that  they  are  iadivisible 
and  impenetrable,  always  of  the  very  same  weight,  size,  and 
shape. 

In  definite  chemical  bodies,  as  water,  salt,  and  sugar,  each 
atom  is  a  compound  one,  made  of  a  bundle  of  still  simpler 
atoms, — as  in  water,  of  oxygen  and  hydi-ogen ;  in  salt,  of  chlorine 
and  sodium.  These  four  siibstances  are  called  simple.  Each 
is  made  of  atoms  which  are  all  the  same,  but  differ  from  those 
of  every  other  body.  So  is  salt  or  sugar  made  of  atoms  which 
are  all  the  same  in  each,  but  they  are  compound  atoms,  as  just 
stated.  Each  compound  atom  contains  the  simple  atoms 
fii'mly  and  chemically  imited. 

But  many  bodies  that  we  see,  such  as  wood  or  flesh,  are  still 
more  heterogeneous  in  their  structure.  Thus  w^ood  contains 
lignine,  starch,  sugar,  resin,  and  water — each  of  these  a  chemi- 
cal substance  made  of  compound  atoms ;  but  these  are  all 'mixed 
together  in  wood,  and  not  united  fii-mly,  or  in  a  regular  way. 
Such  is  the  theory  generally  received  as  to  the  nature  of 
material  bodies. 

Indestructibility. 

As  far  as  we  know,  matter  can  never  cease  to  be.  The  atoms 
of  which  it  is  composed  are  absolutely  indestructible.  A^solid 
body  may  be  transformed  into  a  liquid,  or  a  liquid  into  a  vapour, 
by  the  agency  of  heat,  but  it  is  not  therefore  destroyed.  A 
piece  of  rock  may  be  disintegrated,  and  apparently  destroyed 
by  the  action  of  an  acid,  but  it  is  only  decomposed  into  the 
two  parts  of  which  it  always  consisted :  one  part  passes  as  a 
gas  into  the  air,  the  other  remains  behind  and  unites  with  the 
acid.  Organic  substances,  as  the  bodies  of  plants  and  animals, 
when  they  decay,  or  wood  and  coal,  when  burned  in  the  fire, 
are  by  no  means  destroyed.  They  are  decomposed,  and  their 
atoms  or  elements  are  rearranged,  forming  vapoui's  and  gases 
which  pass  into  the  air  around  us.  Thus  nothing  is  ever  lost 
in  the  universe. 

A  perpetual  round  of  change  is  always  going  on  in  the 
material  world,  the  whole  of  which  is  a  system  of  death  and 
reproduction.  Both  plants  and  animals  exhale,  while  living, 
peciiHar  gases  into  the  air.  That  which  plants  exhale  (oxy- 
gen) is  breathed  by  animals,  that  which  animals  exhale 
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(carbonic  acid)  is  breathed  by  plants :  nor  is  this  all.  Out 
of  earth  and  au-  plants  ai'e  able  to  construct  food.  Upon  this 
animals  live.  They,  when  they  die,  turn  again  to  earth  and 
air,  upon  which  plants  live.  Thus,  of  matter,  there  is  never 
less,  never  more,  though  it  is  always  in  a  state  of  transition. 

Divisibility. 

Though  we  believe  the  ultimate  particles  of  matter  to  be 
impenetrable,  yet,  so  infinitely  small  are  they,  that  matter  may 
be  divided  to  an  apparently  unlimited  extent. 

Gold  is  a  common  example  of  the  divisibility  of  metals.  It 
may  be  beaten  out  till  it  covers  a  space  of  50  square  inches, 
and  then  divided  into  two  million  parts,  each  visible  to  the  eye. 
Gold-leaf  may  be  made  so  thin,  that  a  book  of  291,000  leaves 
will  only  be  one  inch  in  thickness.  When  gold  lace  is  formed 
from  silver  wire,  the  coating  of  gold  is  but  a  four-millionth 
pai't  of  an  inch  thick. 

The  soap-bubble  (measured  by  Newton)  is  nearly  as  thin  as 
this,  and  yet  contains  but  one  part  of  soap  to  100  of  water. 
Moreover  soap  is  a  complex  chemical  substance,  each  atom  of 
which  contains  some  200  other  atoms  united  into  one. 

A  pound  of  cotton,  which  may  be  made  to  yield  a  thread 
248  miles  in  length,  is  a  familiar  example  of  divisibility.  But 
that  is  not  much. 

Five  grains  of  Tripoli  stone,  used  in  polishing,  have  been 
found  to  contain  the  skeletons  or  fossU  remains  of  a  thousand 
million  animalcules.  Each  of  these  animalcules  is  seen  by  the 
microscope  to  have  been  a  complex  organism,  possessed  of 
various  textures  and  parts,  perfect  in  its  functions,  active  in  its 
movements. 

Even  the  minute  revelations  of  the  microscope  are  outdone 
by  the  atoms  of  odorous  substances.  A  grain  of  musk  has 
perfumed  an  apartment  during  twenty  years.  Odour  can  only 
be  caused  by  particles  of  matter  in  the  air;  yet,  after  this 
lapse  of  time,  the  diminution  in  weight  of  the  grain  of  musk 
could  scarcely  be  estimated. 

Resistance. 

The  particles  of  matter  maybe  separated,  but  they  are 
impenetrable,  and  resist  any  attempt  to  lessen  their  size,  or  to 
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occupy  the  space  which  they  fill.  If  a  hody  can  he  lessened 
in  size  by  mere  pressure,  it  shows  that  its  particles  were  not 
close  together  before.  One  particle  resists  the  attempt  of 
another  to  take  its  place,  simply  because  matter  must  have 
place  in  which  to  He.  Thus  one  piece  of  marble  cannot  be 
forced  into  another,  and  two  take  the  room  of  one ;  if  such  a 
thing  were  possible,  the  whole  world  might  by  degrees  be  got 
into  a  nutshell. 

No  power  whatever  will  be  able  to  force  down  the  piston  of 
a  water-syiinge  if  the  orifice  be  stopped.  The  water  resists 
compression  with  a  force  sufficient  to  support  a  mountain,  if 
the  syringe  were  strong  enough.  Air  also,  though  an  elastic 
fiuid,  resists  compression  with  some  force.  If  an  empty  phial 
be  plunged  into  water  with  the  mouth  downwards,  it  will 
resist  the  entrance  of  the  water,  on  account  of  the  air  which  it 
contains. 

ATTRACTION. 

Tliis  word  signifies  a  draiving  towards.  It  is  a  general  term 
applied  to  all  instances  of  one  thing  being  drawn  towards 
another,  by  whatever  force  or  power  this  is  done.  Wc  now 
understand  it  simply  of  matter,  left  alone,  iminfluenced  by 
external  forces.  We  find  that,  even  so  understood,  there  ai-e 
several  kinds  of  attraction.  By  a  force  of  attraction,  the  par- 
ticles of  a  solid,  or  even  a  liquid  or  gas,  are  held  together,  and 
prevented  from  separating.  This  force  in  the  particles  of  one 
and  the  same  body  is  called  attraction  of  cohesion.  Again,  we 
know  that  the  particles  of  one  body  may  attract  those  of  an- 
other, as  when  two  things  stick  or  adhere  together,  or  when 
wood  is  wetted  by  water,  which  will  not  fall  entirely  from  it. 
■This,  in  two  substances  often  dissimilar,  is  called  attraction 
of  adhesion.  And  there  is,  again,  another  universal  and  most 
important  kind  of  attraction,  which  consists  in  all  bodies 
di-awing  towards  them,  with  more  or  less  force,  all  other  bodies. 
The  degree  of  this  force  depends  upon  the  mass  of  the  body  ; 
when  this  is  very  great  indeed,  other  bodies  are  compelled  to 
approach  it.  This  is  called  the  attraction  of  gravitation.  We 
shall  now  speak  in  turn  of  these  three  kinds  of  attraction. 

Attraction  of  Cohesion. 
This  is  the  force  which  unites  particles  together  into  one 
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body.  Even  in  a  gas  tlie  particles  attract  one  another  to  a 
certain  degree ;  though  they  are  probably  at  some  distance, 
and  are  easily  separated  and  divided  by  any  other  body  with- 
out offering  resistance  (which  is  the  cause  that  a  gas  or  vapour 
can  scarcely  be  felt  by  the  hand),  yet  they  must  hold  together, 
or  the  gas  would  occupy  an  indefinitely  large  space.  In  a 
liquid  the  particles  are  drawn  into  absolute  contact  by  theii- 
attraction ;  yet  they  are  not  fixed  by  it,  but  roU  about  freely 
in  all  directions.  In  a  soUd  the  attractive  force  is  greater 
still,  being  sufficient  to  bind  and  fix  the  atoms  into  one  firm 
resisting  body.  The  attractive  force  is  greater  as  the  solid  is 
harder.  Soft  solids,  as  butter,  approach  fluids  in  the  wealmess 
of  their  attraction  of  cohesion.  In  deal  wood  it  is  stronger, 
in  iron  stronger  still,  and  in  the  hard  corundum  and  diamond 
strongest  of  all.  Cohesion  is  overcome  when  a  body  is  broken ; 
still  more  when  it  is  powdered,  or  reduced  to  the  fluid  state 
by  heat  or  other  means.  Heat  strongly  favours  repulsion,  and 
strives  against  cohesion.  Thus  it  turns  ice  into  water,  and 
water  into  steam.  When  a  solid  is  broken,  it  is  difficult  again 
to  promote  its  natural  cohesion,  probably  because  the  parts  are 
inflexible,  and  we  cannot  produce  contact  of  the  atoms.  Near 
contact  is  necessary  for  cohesion.  To  produce  this  molecular 
contact,  most  metals  must  be  melted  to  join  them  into  a  mass. 
Pieces  of  iron  will  unite  by  welding,  i.  e.  being  hammered  at 
a  white  heat.  The  clean  surfaces  of  a  leaden  bidlet  that  has 
been  cut  in  half  will  unite  firmly  if  they  are  strongly  pressed 
together.  For  a  similar  reason,  the  very  powerful  compression 
of  dry  clay  powder  is  resorted  to  by  manufacturers  to  form 
buttons,  tiles,  etc.  The  particles,  being  brought  sufficiently 
close  to  exert  their  force  of  cohesion,  unite  into  a  firm  stone. 

This  approximation  is  easy  in  the  case  of  fluids.  Tavo 
globules  of  water  will  at  once  run  together  into  one,  when 
placed  in  contact.    The  same  with  mercuiy. 

This  attraction  of  cohesion,  which  binds  atom  to  atom,  is  to 
be  distinguished  from  that  general  attraction  which  draws  all 
bodies  together,  which  is  the  attraction  of  gravitation.  The 
difference  to  be  noted  is — cohesion  operates  only  at  insensibU 
distances,  gravitation  operates  at  all  distances. 

Upon  the  degree  and  kind  of  cohesion  depends  the  state  of 
a  body,  and  the  various  qualities  of  matter  which  are  now  to 
be  spoken  of  in  turn. 
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Consistence. — The  difference  between  a  gas  or  vapour,  a 
liquid  and  a  solid  body,  depends  upon  the  degree  of  approxi- 
mation of  their  particles.  This  approximation  is  greater  the 
greater  the  cohesion.  Cohesive  force  is  therefore  greatest  in  a 
solid,  least  in  a  gas.  Although,  comparatively  speaking,  the 
atoms  of  a  gas  are  removed  from  one  another,  yet  as  these 
atoms  are  infinitely  small,  it  is  probable  that  the  distance 
between  them  is  also  infinitely  small.  When  some  gases,  such 
as  chlorine,  are  subjected  to  great  pressure,  theii-  particles 
come  in  contact,  and  a  liquid  is  formed.  Again,  by  cold, 
which  promotes  cohesion,  a  liquid  may  frequently  be  formed 
into  a  solid,  its  bulk  being  also  in  most  cases  lessened.  (Ice, 
which  occupies  more  bulk  than  water,  is  an  exception.) 

State  of  Aggregation. — WTien  the  particles  of  matter  are 
aggregated  (that  is,  gathered  together)  into  a  solid  body,  there 
is  generally  an  opake  mass  without  definite  geometrical  form, 
but  of  any  accidental  shape  determined  by  circumstances. 
This  is  the  case  with  most  stones,  as  chalk  or  limestone ;  with 
rock-alum,  and  with  charcoal.  These  opake  irregular  masses 
of  matter  are  called  amoiyhous,  that  is,  destitute  of  regular 
form.  But  nearly  aU  bodies  which  are  simple  in  nature  have 
an  especial  tendency  to  a  more  regular  arrangement  of  their 
particles.  These  may  unite  in  such  a  manner  as  to  form  a 
mass  of  a  definite  geometrical  shape,  with  regular  surfaces  and 
sides,  as  a  cube,  an  octahedron,  a  prism.  These  masses  are 
called  crystals.  Crystals  are  generally  produced  when  the 
atoms  of  a  body  have  time  to  arrange  themselves ;  thus  when 
a  metal  is  melted  and  cooled  slowly,  crystals  of  the  metal  may 
form  ;  or  when  a  soluble  substance,  as  niti'e  or  sugar,  is  dis- 
solved in  water,  and  the  water  allowed  to  evaporate,  crystals 
are  deposited.  The  three  substances  mentioned  above  as  being 
frequently  met  -with  amorphous,  are  also  capable  of  assuming 
the  crystalline  form.  Thus  chalk  is  found  crystallized  as 
calcareous  spar ;  if  aliim  be  dissolved  in  hot  water,  the  Liquid 
deposits  crystals  on  cooling  ;  and  even  black  chai'coal,  which 
no  power  of  ours  can  turn  into  crystals,  is  found  in  nature 
under  the  beautiful  crystalline  form  of  the  diamond.  Though 
the  crystals  of  pure  metals  are  opake,  most  crystalline  bodies 
are  transparent,  many  of  them,  as  the  diamond  of  finest  water, 
destitute  of  colour. 

A  well-known  and  magnificent  example  of  this  gem  is  the 
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Koh-i-I^oor,  or  Mountain  of  Light  (fig.  1),  an  Indian  diamond 
now  belonging  to  Her  Majest}^  Since  its  public  exhibition  in  the 
Hyde  Park  Crystal  Palace,  it  has  gained  much  in  splendour  by 
having  been  recut.  This  may  be  understood  by  a  woodcut 
showing  its  present  appearance. 


Fig.  1.— The  Koh-i-Noor. 

It  is  not  within  our  province  to  enter  at  length  into  the  sub- 
ject of  crystaUization.    The  forms  of  crystals  (fig.  2)  are  very 


rig.  2. — Forms  of  Crystals. 

numerous  and  various.  The  crystalhne  form  of  a  chemical 
substance  is  frequently  of  help  in  enabling  us  to  recognizo  it. 
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Some  bodies,  however,  as  sulphur,  have  two  distinct  crystalline 
forms,  and  are  called  dimorphous. 

When  liquids  become  solid  by  cold,  they  frequently  assume 
the  ciystalline  form.  "Water  freezes  into  ice,  which  seems 
amorphous ;  but  when  the  vapour  of  water  freezes  into  frost 
or  snow,  it  assumes  the  most  beautiful  and 
metrical  shapes  (fig.  3). 

Amorphous  bodies 
frecjucntly  present 
some  appproach  to 
that  regular  arrange- 
ment of  parts  which 
cliaracterizes  cry- 
stals. Some  solids,  as 
slate,  are  lamellar  in 
structure,  that  is  ar- 
ranged in  flat  plates. 
Some  are  Jibrous,  as 
a  rod  of  iron,  or  the 
stem  of  a  plant. 
Others  are  porous, 


Fig.  3. — Snow  Crystals. 


having  minute  passages  through  their  substance.  This  is  the 
case  vnth  nearly  all  boches,  except  the  hardest  crystals  and 
stones. 

Density. — The  small  parts  of  a  body  (not  the  atoms,  but 
masses  composed  of  atoms)  may  either  be  closely  packed,  or 
loosely  arranged  together.  If  close,  the  body  is  called  deme. 
Snow  and  wool,  which  may  be  squeezed  into  a  very  small 
bulk,  are  deficient  in  this  property.  Wood,  and  even  many 
metals,  may  be  made  to  occupy  less  space  by  being  hammered. 
Flint  is  heavier  than  sand,  simply  because  it  is  denser.  A 
bottle  may  be  filled  with  sand,  but,  as  this  is  loose  and  porous, 
it  will  hold  a  quantity  of  water  in  addition. 

Hardness. — A  body  is  Jiard  when  the  cohesion  between  its 
atoms  is  so  great  that  it  resists  compression  or  division.  The 
opposite  quality  is  softness.  Water  and  air  may  be  cut  in  any 
manner,  or  easily  compressed  into  different  shapes.  A  semi- 
solid, as  butter,  offers  more  resistance.  Wood  is  harder,  but 
may  easily  be  cut  or  bent.  Steel  cannot  be  squeezed,  but  may 
still  be  cut.  Glass  is  harder  again  ;  it  cannot  be  cut,  without 
splintering,  by  any  body  but  one  harder  than  itself,  as  the 
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diamond.  When  bread  is  cut  by  a  knife,  it  is  because  the  thin 
edge  insinuatCvS  itself  between  the  yielding  particles.  The  atoms 
of  a  hard  body  will  not  allow  their  cohesion  to  be  thus  overcome. 

Brittleness. — This  is  a  peculiar  liability  in  many  hard  bodies 
to  a  sudden  derangement  of  the  cohesive  force  of  their  atoms 
by  means  of  a  shock  or  jar.  Thus  no  direct  pressure  will  break 
glass,  if  it  be  supported  beliind ;  but  a  sudden  blow,  causing 
rapid  vibration  amongst  its  particles,  deranges  and  destroys 
their  cohesion,  so  that  it  flies  into  a  thousand  pieces.  Iron  is 
much  softer  than  glass,  that  is  to  say,  the  cohesion  of  its  atoms 
is  less.  Yet  iron  is  far  more  difficult  to  break  than  glass, 
because  its  cohesion  is  not  disturbed  by  a  jar,  i.  e.  it  is  not 
brittle  to  the  extent  that  glass  is. 

Tenacity,  or  Toughness. — This  is  the  opposite  quality  to  brit- 
tleness. A  tough  body  must  possess  some  degree  of  hardness, 
in  addition  to  which  it  is  not  easily  snapped  or  broken.  A 
metal  like  lead  is  too  soft  to  possess  much  tenacity.  On  the 
other  hand,  cast  iron,  which  is  harder  than  wrought  iron,  is 
less  tenacious,  on  account  of  its  brittleness.  Bar-iron  may  be 
bent,  but  not  broken ;  whereas  a  cast-iron  pipe  may  be  chipped 
Avith  a  blow  of  a  hammer.  Soft  steel  is  very  tough,  but  the 
hard  tempered  edge  of  a  knife  is  easily  notched.  The  tenacity 
of  metals  is  estimated  by  the  weight  they  will  bear  when  made 
into  wire.  Steel  wire  is  exceedingly  tenacious ;  when  -pjjth  of 
an  inch  thick,  it  will  bear  134  lb.  The  following  Table  will 
show  the  weight  that  will  be  supported  without  breaking  by 
metallic  wires  of  -jL-th  of  an  inch  in  thickness  : — 

Iron.       .  .  5491b.  Gold  .  .  .  1501b. 

Copper    .  .  .302  „  Zinc  .  .  .109  „ 

Platinum .  .  274  „  Tin    .  .  .     34  ., 

Silver      .  .  137  „  Lead  .  .  .     27  „ 

Paper  is  very  tenacious,  so  is  gelatine.  The  paper  of  a 
Bank  of  England  note  will  bear,  when  sized,  36  lb. ;  when 
stiffened  with  a  grain  of  size,  56  lb. ;  or  when  glued  up  into  a 
round  roll,  1  inch  long  and  1  inch  broad,  30,000  lb.,  as  ascer- 
tained by  Count  Romford.  By  soaking  paper  in  a  weak  solu- 
tion of  sulphuric  acid,  it  acquires  the  toughness  or  tenacity  of 
parchment. 

The  gelatine  of  the  skin  of  animals,  when  subjected  to  the 
process  of  tanning,  becomes  tougher  than  ever,  fonning 
leather.    The  fibres  of  plants,  as  cotton,  flax,  and  hemp,  are 
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woven  into  fabrics  of  great  tenacity.  SUk  thread,  the  produce 
of  a  •worm,  equals  them  in  tenacity,  and  sui-passes  them  in 
pliability. 

The  toughness  of  woods  varies  much.  It  is  much  easier  to 
drive  a  nail  iato  deal  than  into  oak,  and  this  wood  is  excelled 
in  hardness  and  in  toughness  by  that  of  the  beech. 

In  the  construction  of  ropes  and  cords,  tenacity  is  the  one 
thing  needful.  The  time-honoured  employment  of  hemp  for 
this  purpose  is  now  gi^'ing  way  before  the  use  of  iron  vsdre,  of 
which  ropes  are  made  of  all  degrees  of  thickness,  from  the 
cord  that  supports  a  telegraph  post,  to  the  thick  cable  of  a 
ship ;  and  from  that  again  to  the  herculean  rope,  thou- 
sands of  tons  in  weight,  Avhich  stretches  across  the  Menai  to 
support  the  enormous  tubes  of  the  Britannia  Bridge  at 
Conway. 

Malleability. — This  may  be  said  to  be  toughness  combined 
with  some  degree  of  softness.  It  is  the  property  possessed  by 
some  metals  of  allowing  themselves  to  be  beaten  out  into  thin 
sheets  without  breaking.  The  atoms  take  up  the  new  position 
given  to  them,  but  still  retain  their  attractive  force  as  before. 
Gold,  whicli  may  be  beaten  into  sheets  far  thinner  than  tissue 
paper,  possesses  this  property  in  a  high  degree.  Brittle  metals 
arc  not  malleable,  neither  are  very  hard  ones.  Iron,  when 
much  hammered,  may  become  brittle.  It  is  very  malleable 
when  heated  to  a  red  heat,  in  which  state  it  is  fashioned  by  the 
blows  of  the  smith.  Lead,  silver,  copper,  tin,  are  all  malleable 
to  a  certain  extent. 

Ductility. — This  is  the  property  of  being  readily  drawn  into 
wire.  It  might  seem  akm  to  malleability,  but  tin  and  lead, 
though  malleable,  are  not  ductile.  Many  hard  bodies,  when 
melted,  acquii-e  this  property.  This  is  especially  the  case  with 
glass,  which,  when  melted,  may  be  drawn  out  to  any  length  of 
hail"  like  fibre.  Among  metals,  platinum,  silver,  copper,  gold, 
and  iron  are  ductile.  To  form  iron  wire,  a  bar  is  heated  to 
the  melting-point,  and  their  end  made  sufficiently  pointed  to 
pass  through  a  small  hole  in  a  piece  of  steel.  The  protruded 
point  is  seized  by  a  pair  of  pincers,  and  the  soft  metal  rapidly 
pulled  through  the  hole  by  the  workman.  Metallic  wire  may 
easily  be  made  as  fine  as  the  human  hair;  in  fact,  of  such 
material  the  wigs  of  barristers  are  now  fi-equently  made.  The 
late  Dr.  WoUaston  was  enabled  to  draw  platinum  wire  to  the 
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wonderful  tenacity  of  the  three-millionth  of  an  inch  in 
diameter. 

Pliahility. — This  property  is  possessed  by  an  object  which 
is  easily  bent  without  being  broken.  When  a  body  is  bent,  one 
sui-face  is  rendered  convex,  the  other  concave.  If  thick,  the 
convex  surface  is  made  to  measure  more  in  length,  the  concave 
less  than  before.  In  the  fii'st,  the  atoms  must  be  somewhat 
separated,  in  the  other  surface  made  nearer.  A  pliable  body 
must  therefore  be  tough.  Yet  a  very  brittle  body,  as  glass, 
will  bend  when  very  thin,  as  then  the  separation  of  the  atoms 
is  scarcely  appreciable. 

Many  metals  are  pliable.  The  fibres  of  vegetable  and 
animal  bodies  are  still  more  so. 

Elasticity. — ^When  a  bent  or  compressed  body  returns  to  its 
original  position  as  soon  as  the  force  which  coerced  it  is  with- 
drawn, it  is  called  elastic.  Both  attraction  and  repulsion  are 
called  into  play  by  the  exertion  of  elastic  force, — attraction, 
when  the  separated  atoms  of  a  bent  or  stretched  substance 
tend  again  to  approach  one  another;  repulsion,  when  the 
particles  of  a  compressed  body  tend  again  to  separate  to  the 
same  distance  as  before.  Gases  and  liquids  are  more  elastic 
than  solids.  A  gas  compressed  into  a  confined  space  will 
expand  immediately  when  the  compressing  force  is  withdrawn. 
Liquids  also  are  elastic,  as  may  be  seen  by  the  force  with 
which  water  rebounds  when  projected  against  a  solid  body. 

Soft  solids  are  commonly  unelastic  and  may  be  compressed 
or  bent  in  any  manner  Avithout  reaction.  Yet  india-rubber, 
which  is  soft,  is  elastic,  thoiigh  not  perfectly  so,  for  a  piece 
which  is  stretched  does  not  return  exactly  to  the  same  length 
as  before.  Lead  possesses  but  httle  elasticity.  Steel  and  gold 
arc  highly  elastic.  Glass,  which  is  not  very  pliable  on  account 
of  its  brittleness,  is  almost  perfectly  elastic.  This  assertion 
may  seem  strange  to  those  who  have  fallen  into  the  common 
error  of  confoimding  elasticity  with  extensibility,  and  there- 
fore suppose  that  an  elastic  body  is  one  which  can  be  stretched. 
Glass,  in  its  ordinary  state,  is  almost  inextensible,  but  it  is 
said  to  be  perfectly  elastic,  because  a  thin  piece  which  has 
been  kept  bent  for  a  long  time  will  at  once  return  to  its  original 
position  when  the  restraining  force  is  withdraAvn. 

A  hard  elastic  body,  subjected  to  a  sudden  compressing  force, 
and  as  suddenly  released  from  it,  is  apt  to  rebound  from  the 
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point  of  compression  by  the  recoil  of  its  particles  due  to  its 
elasticity.  The  difference  between  an  elastic  and  an  unelastic 
substance  may  be' 
shown  by  throw- 
ing two  round 
balls,  one  of  putty, 
the  other  of  ivory, 
against  a  freshly 
blackened  floor. 
The  soft  putty  is 
flattened  and  sticks 
to  the  floor  without 
any  attempt  at  re- 
coil. ■  The  ivory 
ball  rebounds,  and 
may  be  caught  in 
the  hand.  A  small 
black  circle  at  the 
part  where  it 
touched  the  floor 
is  a  proof  of  the 
compression  of  its 
particles,  for,  if 
they  had  not  been 
compressed,  only  a 
black  point  would 
be  seen.  [A sphere 
can  touch  a  flat  siu'- 
face  at  one  point 
only  at  a  time.] 
The  spherical 
shape  of  the  ball, 
still  perfect,  is  a 
proof  of  the  elas- 
ticity which  caused 
the  rebound. 

For  many  ma- 
nufactures and 
appliances  with 
which  we  are  fa- 
miliar, we  are  indebted  to  this  elastic  property  of  bodies. 


jTig.  4._Toledo  Sword-blade. 
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To  the  elasticity  of  iron  we  are  indebted  for  the  hixuiy  of  a 
cai'riage  spring.  The  far  more  delicate  spring  of  a  watch  is 
made  of  steel.  A  sword  blade,  which  may  be  bent  into  a  circle 
without  breaking,  and  becomes  straight  as  soon  as  released,  is 
an  example  of  the  elasticity  of  steel  (fig.  4). 

To  the  vibration  of  metal,  caused  by  its  elasticity,  the  beau- 
tiful tone  of  a  bell  is  owing.  In  the  pianoforte  and  violin,  the 
elastic  vibrations  of  catg-ut  strings  and  of  wood  are  also  taken 
into  account.  In  wind  instruments,  air  and  metal,  both  elastic, 
combine  to  produce  the  sound. 

To  the  elasticity  of  gaseous  bodies  we  owe  the  power  of 
steam,  and  the  death-dealing  force  of  a  gun  to  the  gases  sud- 
denly produced  by  the  ignition  of  gunpowder.  Being  suddenly 
produced  in  a  confined  space,  these  gases  are  in  such  a  state  of 
compression,  that,  acting  upon  the  poiat  of  least  resistance, 
they  blow  the  bullet  before  them. 

Among  animal  products,  hair  and  feathers  are  both  highly 
elastic,  for  which  reason  they  are  admirably  weU  adapted  to 
lonn  stufiing  for  cushions  and  pillows. 

Attraction  of  Adhesion. 

This  is  the  attraction  of  one  body  for  another  when  both 
are  placed  in  contact.  Like  cohesion,  as  attraction  between 
atoms,  it  only  operates  at  insensible  distances.  Two  bodies 
which  attract  one  another  in  this  way  are  said  to  aclliere,  or 
stick  together.  As  a  general  rule,  one  of  them  must  be  more 
or  less  fluid  before  this  can  take  place.  Water  has  an  adhe- 
sive attraction  for  wood,  but  not  for  resin.  When  a  piece  of 
wood  floats  on  water,  the  surface  of  the  liquid  rises  around  it 
by  this  force  of  attraction.  It  has  no  attraction  for  resin. 
^\Tien  a  piece  is  plunged  in  it,  the  water  is  depressed  around 
it,  and  does  not  cUng  to  or  wet  it.  Spirit  attracts  resin,  and 
readily  wets  it.  Liquids  which  adhere  to  solids  ai-e  com- 
monly called  '  sticky.'  By  means  of  gum,  glue,  or  cement, 
two  solids  may  be  fii-mly  and  permanently  united  together. 

Capillary  Attraction  is  a  variety  of  adhesion.  It  is  the  force 
by  which  water  and  other  fluids  tend  to  rise  in  small  tubes. 
The  name  '  capillary  '  is  derived  from  the  Latin  word  for  liair, 
and  refers  to  the  fineness  of  the  tubes.  In  a  tube  of  wide 
bore,  plimged  vertically  in  water,  the  fluid  remains  at  the  same 
h  vol  inside  as  outside.    But  in  a  very  naiTOW  tube  the  water 
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rises.  Tliis  is  by  vii-tue  of  two  separate  forces  or  attractions. 
The  one  is  tlie  attraction  of  the  water  for  the  side  of  the  tube, 
the  other  the  mutual  cohesion  of  the  pai'ticles  of  water, 
enabling  them  to  support  one  another.  Mercmy  will  not  nse 
spontaneously  in  a  glass  tube,  because  it  is  repelled  by  the 
glass  instead  of  attracted.  But  water  and  many  other  liquids 
rise  quickly,  to  a  height  which  is  greater  in  proportion  as  the 
tube  is  fine  in  bore. 

All  porous  bodies  draw  water  into  their  pores  by  the  same 
force.  A  piece  of  cane  placed  in  water  will  draw  the  fluid 
along  its  pores.  A  piece  of  salt  or  lump  sugar,  allowed  to 
touch  water  at  one  end,  becomes  soon  wetted  throughout.  By 
this  power  a  sponge  or  a  cloth  will  take  up  water,  blotting-paper 
absorb  ink,  and  the  ^\dck  of  a  lamp  di-aw  up  the  oil  to  the  flame. 

Wood,  allowed  to  absorb  water,  swells  with  enormous  force, 
so  that  quarrymen  in  Germany  are  accustomed  to  split  slate 
and  rend  solid  stone,  by  driving  a  wedge  of  wood  into  a  crevice 
and  then  throwing  water  upon  it.  Millstones,  made  of  the 
hardest  stone  which  can  be  procured,  are  split  ofi'  in  the  form 
of  flat  disks  from  a  cylinder  of  the  same  material,  by  wetting 
dry  pieces  of  willow  wood,  which  are  first  driven  by  the  niaUet 
into  horizontal  indentations  cut  at  proper  distances, — so  enor- 
mous a  force  is  exerted  by  a  soft  wood,  when  swelling  by  the 
action  of  water  drawn  by  capillary  attraction  along  its  pores  ! 

Endosmose  and  Exosmose  are  terms  applied  to  the  passage  of 
fluids  through  animal  membranes.    The  first  word  signifies  a 
flowing  inwards,  the  second  a  flowing  outwards ;  but  both 
are  governed  by  the  same  laws.    Two  liquids,  being  on  opposite 
sides  of  a  piece  of  bladder  or  other  membrane,  will  pass  slo"n'ly 
through  the  bladder,  unless  they  have  some  repulsion  for  it. 
That  passes  fastest  which  has  the  greatest  attraction  for  it, 
being  di'awn  thi-ough  its  pores  by  virtue  of  capillary  action. 
This  passage  takes  place  faster  if  the  liquid  have  an  attraction 
for  the  other  liquid  on  the  opposite  side  of  the  membrane.  It 
is  by  such  a  process  of  endosmose,  that  the  nutiiment  taken  as 
food,  after  being  reduced  to  a  liquid  state  in  the  stomach, 
passes  through  the  animal  membrane  into  the  blood  ;  and  again 
afterwards  from  the  blood  through  the  coat  of  the  vessel  to 
the  various  tissues  of  the  body.    This  form  of  capillary  at- 
traction is  thus  of  immense  importance  in  the  processes  of 
animal  life. 
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Fig.  5. 

Attraction  of  Gravitation. 


It  has  already  been  stated  that  all  bodies  attract  one  another 
at  all  distances.  This  kind  of  attraction  is  called  gravitation, 
though  it  is  of  one  particular  instance  of  it,  i.  e.  the  attraction 
of  the  earth  for  smaller  bodies,  that  the  word  is  most  fre- 
quently used.  Cohesion  and  adhesion  are  forms  of  attraction 
which  operate  only  at  insensible  distances.  Gravitation  is 
exerted  at  all  distances,  though  the  less  the  distance  the 
ii;reater  the  force.  The  attraction  of  masses  of  mattes  for  one 
another  may  be  illustrated  by  two  examples. 

Two  lead  balls,  which  are  allowed  to  hang  by  separate 
strings,  but  near  to  one  another,  are  found,  upon  a  very  exact 
calculation,  to  approach  slightly,  so  that  the  line  of  each  string 
is  not  quite  perpendicular.  Light  bodies,  as  feathers  and 
"  blacks,"  when  floating  in  the  air,  are  attracted  perceptibly 
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towards  any  solid  body  wHch  they  may  approach.  Pieces  of 
cork  or  wood,  floating  freely  on  water,  are  drawn  together 
when  they  come  near.  The  manner  in  which  planks  and 
driftwood  congregate  into  a  mass  when  floating  down  a  stream 
has  often  been  remarked. 

It  is  supposed  that  every  atom  exerts  the  same  force  as 
every  other  atom.  Bodies  that  we  call  heavy  contain  more 
atoms  than  light  bodies.  Bodies  of  equal  weight  exert  an 
equal  attraction.  A  heavier  body  draws  a  lighter  one  towards 
it,  and  the  heavier  it  is  the  greater  the  power  Avith  which  it  does 
this.  For  example.  Let  a  leaden  plummet  hang  by  a  cord  by  the 
side  of  a  mountain  (fig.  5)  or  a  taU  tower.  The  line  is  not  quite 
perpendicular,  for  the  plummet  is  drawn  towards  the  mountain 
or  the  tower ;  and  yet  the  lead  hangs  down  and  stretches  the 
line,  because  it  is  attracted  by  the  enormous  mass  of  the  earth, 
which  is  much  greater  than  the  mountain  or  the  tower.  I 

In  the  same  manner  the  moveable  water  of  the  ocean  is  I 
drawn  to  and  fro  by  the  moon  as  it  moves,  producing  the  I 
phenomena  of  tides.  But  the  sea  does  not  fly  off  to  the  I 
moon,  but  is  kept  on  the  surface  of  the  eai'th,  because  the  M 
bulk  of  the  earth  is  much  greater.  fl 

"We  are  now  in  a  position  to  understand  that  fall  of  the  H 
apple  which  set  Newton  thinking;  we  see  why  all  smaller  ffl 
bodies  are  drawn  towards  the  sm-face  of  the  earth,  so  that,  if  H 
lifted  from  it,  they  fall  unless  supported  ;  and  we  can  under-  H 
stand  how  this  attraction  of  gravitation  is  the  same  thing  as  Iw 
weight.  Ill 

Bodies  influenced  by  this  force  are  drawn  towards  the  centre  m 
of  the  attracting  mass.  This  explains  why,  on  whatever  part 
of  the  rounded  surface  of  the  globe  a  man  may  be,  he  is 
equally  drawn  towards  the  centre  and  enabled  to  wallc  erect. 
By  this  force  all  things  are  kept  in  equilibrium  and  order. 
Without  it,  dii-e  would  be  the  confusion  in  natm-e,  for  matter 
would  then  roU  about  in  space  unrestrained.  And  not  onh- 
in  this  'World,  for  by  the  law  of  gravitation,  i.  e.  attraction 
of  lighter  by  hcaAier  bodies,  the  whole  solar  system,  and 
doubtless  the  entire  universe,  is  kept  in  order.  Attracted  by 
the  earth,  the  moon  keeps  her  •appointed  place.  Attracted  by 
the  immense  buUc  of  the  sun,  both  earth  and  moon,  with  the  i 
other  planets  and  their  satellites,  revolve  ceaselessly  roxuid 
the  source  of  light ;  and,  indeed,  they  would  fly  into  it,  were 
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they  not  kept  in  theii'  orbit  by  another  force,  to  which  allusion 
wOI  be  made  presently.  For  this  sublime  discovery  we  are 
indebted  to  the  genius  of  jN"ewton.  The  following  general  law 
of  gravitation  is  given  by  him : — "  Every  particle  of  matter  is 
attracted  by,  or  gravitates  to,  every  other  particle  of  matter, 
with  a  force  inversely  proportional  to  the  squares  of  their  di- 
stances." The  first  clause  of  this  law  we  have  already  at- 
tempted to  elucidate.  The  second  requires  a  brief  explanation. 

The  force  of  attraction,  like  many  other  forces,  and  like 
heat  and  light,  spreads  in  all  directions ;  that  is  to  say,  it 
radiates.  The  lines  of  force  pass  outwards  from  the  centre, 
like  the  spokes  from  the  axle  of  a  wheel.  The  greater  the 
distance  from  the  centre,  the  more  the  lines  of  force  become 
separated.  The  force  thus  acts  more  and  more  weakly  as  it 
spreads.  It  spreads  in  proportion  to  the  square  of  the  di- 
stance. The  force  diminishes  in  the  same  ratio ;  or,  speaking 
scientifically,  it  is  inversely  as  the  square  of  the  distance  from 
its  origin. 

Light  is  a  radiating  force ;  and  this  law  may  be  proved  of 
light  m  a  simple  manner. 


Fig.  6. 

Station  at  the  distance  of  one  yard  from  a  candle-flame  a  board 
having  a  surface  of  1  square  foot ;  at  another  yard  distance 
place  a  board  of  a  surface  of  4  square  feet ;  at  another  yard 
further  off  again,  a  board  of  9  square  feet  superficies.  The 
shadow  cast  by  the  first  board  will  exactly  cover  the  second, 
and  that  by  the  second  will  cover  the  third.  The  distance  of 
the  first  board  being  1,  that  of  the  second  is  2,  the  square  of 
which  is  4,  the  number  of  feet  of  surface;  that  of  the  thii'd 
is  3,  the  square  of  which  is  9  in  like  manner. 

This  shows  the  progressive  separation  of  the  rays.  We 
may  next  demonstrate,  by  means  of  a  photometer,  that  the  in- 
tensity of  the  light  diminishes  in  precisely  the  same  proportion. 

Suppose  the  force  of  gravitation  be  measured  at  1  inch,  1 

c 


18 


MATTEE  AND  ITS  PEOPEETrES, 


foot,  1  yard,  or  1  mile.  At  twice  the  distance  it  is  |th,  at  3 
times  ^th,  at  4  times  ^^th,  at  5  times  J^th,  decreasing  in  the 
ratio  of  the  number  given  by  multiplying  the  distance  into  itself. 

Thus  a  falling  body  is  attracted  with  greater  force  the 
nearer  it  approaches  the  earth.  Thus  also  the  Sun  exerts  more 
influence  over  the  planets  that  are  near  than  those  that  are 
far  off  from  it.  This  tendency  is  beautifully  balanced  in  our 
system  by  the  great  increase  in  buUc  of  the  planets  that  are 
far  off.  Venus,  Mars,  and  the  Earth,  which  are  near  to  it,  are 
smaU  in  size.  Jupiter,  Saturn,  and  Uranus,  at  a  much  greater 
distance,  are  also  very  much  larger.  Jupiter  is  more  than 
2000  times  larger  than  Mars  ;  so  that  the  immense  weight  of 
this  planet  compensates  for  the  loss  of  gravitation  incui'red  by 
its  distance  from  the  Sun.  It  is  supposed  also  that  the  attrac- 
tion of  this  large  mass  for  the  other  planets  acts  as  a  balance 
to  that  of  the  Sun. 

It  is  by  various  mathematical  calculations  founded  on  the 
law  of  gravitation,  that  the  astronomer  is  enabled  to  calculate 
what  the  weight  of  a  body  would  be  on  the  surface  of  any  of 
the  planets,  or  the  Sun ;  he  can  determine  also  the  quantity  of 
matter  contained  in  the  Sun,  or  any  planet  having .  satellites, 
and  find  the  density  of  that  matter. 

Newton  stated  that  the  same  body  would  weigh  twenty- 
three  times  as  much  on  the  surface  of  the  Sun  as  on  that  of 
the  Earth,  but  that  the  Eai'th  had  a  density  four  times  greater 
than  that  of  the  Sim. 

The  recent  discovery  of  the  planet  Neptune  has  given  a 
striking  confii-mation  of  the  universal  truth  of  the  Newtonian 
faW.  It  was  observed  by  astronomers  that  the  planet  Uranus 
was  subject  to  some  slight  deviation  from  the  prescribed  course 
of  a  certain  portion  of  his  orbit.  Two  astronomers,  French 
and  English,  Leverrier  and  Adams,  assumed  at  the  same  time, 
as  the  result  of  their  several  calculations,  the  existence  of 
another  large  planet,  the  mass  of  which,  by  attracting  Uranus, 
operated  as  the  disturbing  cause.  They  at  once  pointed  out 
the  exact  spot  of  the  heavens  at  which  this  planet  ought  to  be 
found  at  a  certain  time  indicated.  To  this  point  telescopes 
were  dii-ected,  and  Neptune  was  found. 

Weight. — It  wiU  now  readily  be  imderstood  that  what  we 
call  the  tveigJit  of  a  body  is  the  force  with  which  it  gravitates 
towards  the  earth.    It  is  supposed  that  this  gravitating  force 
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is  in  exfict  proportion  to  the  real  mass  ;  that  is  to  say,  that 
aU  atoms  are  attracted  equally  by  the  earth,  but  in  heavy  bodies 
the  atoms  are  closer  together  than  in  light  ones.  We  can 
understand  that  a  sack  of  feathers  contains  no  more  atoms  than 
a  lump  of  lead ;  but  the  latter  occupies  far  less  bulk  for  the 
same  weight,  because  its  atoms  are  close  together.  The  dif- 
ferent degree  in  which  equal  bull^s  of  matter  are  attracted  con- 
stitutes what  is  called  specific  gravity. 

Weight  may  be  estimated  by  means  of  a  pair  of  scales. 
This  consists  simply  of  a  horizontal  beam  suspended  from  the 
centre.  At  each  end  a  scale  maybe  hung,  keeping  the  weight 
on  each  side  equal.  Place  now  in  one  scale  some  standard 
weight,  as  an  ounce  or  a  pound.  The  weights  on  each  side 
are  now  iinequal,  and  the  scale  on  that  side  will  be  lowered  as 
much  as  the  beam  will  permit.  Any  body  to  be  weighed  is 
now  to  be  placed  in  the  other  scale.  If  it  weigh  less  than  a 
pound,  no  alteration  in  the  scales  will  occur,  the  other  scale 
being  di-awn  towards  the  earth  with  the  greatest  force.  If  it 
weigh  a  pound,  equilibrium  is  exactly  restored ;  both  scales 
gravitate  equally,  and  the  beam  becomes  horizontal.  If  it  be 
heavier  than  a  pound,  the  scale  opposite  the  standard  weight 
goes  down ;  and  the  exact  weight  of  the  body  may  be  ascer- 
tained by  adding  smaller  weights  in  the  opposite  scale  until 
both  poise  equally. 

As  all  matter  is  equally  attracted,  it  follows  that  equal 
weights  of  different  bodies  should  fall  "with  equal  velocity. 
But  we  know  that  a  sack  of  feathers  wiU  not  fall  so  quickly  as 
a  lump  of  lead.  This  is  on  account  of  the  resistance  offered 
by  the  atmosphere,  which  increases  in  proportion  to  the  sur- 
face of  the  falling  body.  This  may  be  proved  by  the  common 
experiment  of  the  feather  and  sovereign  under  the  bell  glass 
of  the  air-pump.  In  a  vacuum  (a  confined  space  from  which 
air  has  been  withdrawTi),  the  hea\y  and  the  light  body  fall 
with  equal  velocity. 

Light  bodies  tend  to  rise  or  float  in  heavier  liquids  in  obedi- 
ence to  the  force  of  gi-avitation.  The  air  being  heavier  than 
the  hydrogen  gas  in  a  balloon,  is  drawn  below  it  by  the  earth  ; 
i.e.  the  balloon  rises.  Wood  being  of  less  gravity  than  water, 
floats  on  the  surface  when  plunged  in  it ;  while  a  leaden  bullet 
will  sink,  for  the  opposite  reason.  But  mercury  is  heavier 
than  lead ;  and  the  bullet  will  fl.oat  on  the  surface  of  that  liquid. 

c  2 
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"Weight  in  one  sense  may  be  said  to  consist  in  pressure.  All 
gravitating  bodies  press  downwards  towards  the  centre  of  the 
attracting  mass.  The  force  of  this  pressure  depends  upon  the 
weight.  Thus  a  heavy  body  presses  down  a  light  body  placed 
beneath  it,  and  may  crush  it.  By  estimating  the  amount  of 
pressure  on  the  hand,  or  the  muscidar  exertion  required  to  lift 
a  body,  its  weight  may  be  roughly  ascertained. 

It  has  been  shown  that  the  force  of  gravitation  diminishes 
considerably  at  a  distance  from  the  attracting  mass.  A  body 
weighed  at  the  level  of  the  sea,  weighs  less  if  carried  up  in  a 
balloon,  or  taken  to  a  mountain-top  ;  for  then  it  is  further  off 
from  the  centre  of  the  earth,  A  substance  weighing  1000 
pounds  at  the  sea-level,  loses  two  pounds  of  its  weight  on  being 
carried  up  a  mountain  four  miles  high ;  but,  the  scales,  and 
weights  being  equally  affected,  a  balance  of  a  peculiar  nature 
would  have  to  be  used  to  ascertain  this  loss.  It  is  calculated 
that,  at  1656  miles  from  the  earth's  surface,  a  body  would  lose 
half  its  weight.  At  the  north  or  south  pole  a  substance  is 
somewhat  increased  in  weight,  because  nearer  to  the  centre  of 
the  earth,  which  is  flattened  at  the  poles.  The  surface  at  the 
latitude  of  London  is  nearer  to  the  centre  of  the  earth  than  at 
the  equator.  Thus,  if  a  ship  sail  full  laden  from  St.  Thomas's 
Island  to  London,  the  increase  in  the  weight  of  her  cargo  may 
be  such  as  to  cause  danger.  But  at  the  poles  the  weight  is 
greater  still.  These  things  are  not  unimportant,' but  have  a 
bearing  on  more  than  one  practical  matter ;  among  others,  on 
the  regulation  of  the  peuduhim.  It  is  of  pai-amount  import- 
ance that  this  instrument  should  be  always  of  the  same  length ; 
but  as  the  weight  of  the  bob  varies  at  different  latitudes,  it 
causes  the  pendulum  to  be  somewhat  longer  towards  the  poles 
than  it  is  near  the  equator. 

Specific  gravity. — This  is  comparative  weiyht,  that  is,  the 
weight  of  a  certain  bulk  or  measure  of  a  body,  compared  to 
that  of  the  same  bulk  of  another  body.  By  common  consent, 
distilled  water  is  regarded  as  the  standard  of  comparison.  A 
pound  of  lead  and  a  pound  of  water  have,  of  course,  the  same 
weight.  _  But  a  cubic  foot  of  lead  weighs  eleven  times  as  much 
as  a  cubic  foot  of  water.  "Water,  being  the  standard  of  com- 
parison, is'  unity.  "Water  being  1,  sulphur,  which  is  twice  as 
heavy,  is  2;  marble,  2^  times  as  heavy,  stands  2-5;  dia- 
mond is  3-5,  tin  7-3,  iron  7-5,  copper  8-7,  silver  10-5,  lead 
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11,  mercury  13-5,  gold  19,  platinum  20.  Taking  the  weight 
of  a  certain  bulk  of  water,  and  multiplying  it  by  one  of 
these  numbers,  we  obtain  the  weight  of  the  same  bulk  of 
the  body  whose  specific  gravity  is  indicated  by  that  number. 
As  a  cubic  foot  of  water  weighs  very  nearly  1000  ounces,  we 
can  roughly  estimate  the  weight  of  a  cu.bic  foot  of  any  solid 
or  hquid  by  multiplying  its  specific  gravity  by  1000. 

The  mode  in  which  the  specific  gravity  of  solids  is  estimated 
is  simple  and  ingenious.  The  ancient  philosopher  Archimedes 
is  said  to  have  discovered  it  suddenly  when  taking  a  bath  one 
day, — a  discovery  which  caused  him  great  joy,  as  it  enabled  him 
to  detennine  that  the  gold  crown  of  Hiero,  king  of  Syracuse, 
had  been  adulterated  with  baser  metal — a  problem  that  had 
for  some  time  baffled  all  his  skill. 

A  sohd  suspended  in  water  occupies  the  space  of  a  mass  of 
water  equal  in  bulk  to  itself.  It  is  buoyed  up  by  the  liquid 
around  it  with  the  same  force  which  previously  sustained  this 
quantity  of  water.  It  is  therefore  diminished  in  weight  by 
the  weight  of  its  bulk  of  water.  We  first  weigh  a  solid  in  the 
air.  If  heavier  than  water,  so  that  it  wiU  sink,  we  next  attach 
it  to  one  of  the  pans  of  a  pair  of  scales,  and  weigh  it  when 
immersed  in  water,  in  the  maimer  represented  in  fig.  7. 


Fig.  7. 

Subtracting  this  weight  from  the  former,  the  loss  represents  the 
iveifjht  of  an  equal  bullc  of  water.  The  calculation  is  now 
simple.  As  the  weight  of  this  bulk  of  water  is  to  the  weight 
of  the  body  in  air,  so  is  1  to  the  specific  gravity  of  the  body. 
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Thus,  if  a  guinea  weighs  in  the  air  129  grains,  hy  being  im- 
mersed in -water,  it  "v^eighs  only  121| ;  divide  then  the  129  by 
the  lost  weight  7|,  and  the  result  is  nearly  18  ;  thus  it  is  said 
guinea-gold  is  nearly  eighteen  times  heavier  than  water.  If 
the  specific  gravity  were  18  or  more,  then  the  gold  would  be 
very  fine  ;  but  if  17,  or  less,  then  it  would  be  too  much  alloyed, 
and  not  worth  the  standard  price. 

If  the  solid  body  be  lighter  than  water  (as  a  piece  of  cork 
or  wood),  it  is  attached  to  a  heavj'  body,  the  weight  of  which 
in  water  is  kno^vn,  and  then  suspended  in  the  same  manner. 
Subtracting  from  the  result  the  Aveight  of  the  heavy  body  in 
water,  we  obtain  the  weight  of  the  light  body  in  water,  and 
have  next  to  divide  its  weight  in  air  by  that  sum. 

There  are  two  ways  of  taking  the  specific  gravit}'  of  liquids. 
The  first  is  very  simple.  A  glass  bottle  fall  of  water  is 
weighed ;  and  the  weight  of  the  empty  bottle  being  subtracted 
from  the  result,  we  have  the  weight  of  the  water.  The  same 
bulk  of  the  liquid  is  now  weighed  in  like  manner ;  and  its 
weight  being  divided  by  the  weight  of  the  Avater,  we  have  its 
specific  gravity.  SmaU  stoppered  bottles  are  made,  which  hold 
exactly  1000  grains  of  distilled  water.  The  liquid  being 
Aveighed  in  such  a  one,  we  have  its  specific 
gravity  at  once  without  further  calculation.  It 
Avill  be  found  that  this  bulk  of  oil  of  Aitriol  Avill 
Aveigh  1845  grains ;  its  specific  gravity  therefore 
is  1-845.  The  specific  graAaty  of  alcohol  is  '794, 
of  ether  -735,  of  oil  of  turpentine  -991.  These 
last  are  thus  lighter  than  water. 

An  instrument  called  an  areometer  or  hydrometer 
is  employed,  as  saAdng  much  trouble.  Its  usual 
form  is  represented  in  fig.  8.  It  may  be  made  of 
glass  or  metal.  Below  is  a  small  ball  weighted 
Avith  mercury ;  connected  by  a  narrow  stem 
with  this,  a  larger  ball  containing  air ;  above 
this,  again,  a  hoUow  sealed  tube,  containing  a  gra- 
duated scale.  This  instnunent  sinks  in  distilled 
water  to  a  certain  level,  which  is  marked  on 
the  scale  ;  if  the  liquid  examined  be  lighter  than 
water,  it  sinks  proportionally  lower ;  if  heaAder 
than  water,  being  then  buoyed  up  Avith  a  greater  force,  it  rises 
higher.    So,  by  remarking  the  degree  on  the  scale  which  is 
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opposite  the  level  of  the  surface  of  the  liqtiid,  we  can.  ascer- 
tain its  specific  gravity. 

The  specific  gravity  of  gases  is  taken  in  the  same  manner 
as  that  just  explained  in.  the  case  of  liquids.  Atmospheric 
air  is  taken  as  the  standard.  A  glass  vessel  full  of  air  is 
weighed,  at  the  temperature  of  60°  and  ordinary  barometric 
pressure.  This  vessel  is  now  exhausted  by  means  of  an  air- 
pump.  It  is  next  filled  with  the  gas  on  which  the  experiment 
is  to  be  made,  proper  means  being  taken  to  exclude  aii*.  The 
vessel  is  now  again  weighed ;  and  the  weight  of  the  gas  may 
be  compared  with  that  of  the  air  weighed  before.  Hydrogen 
gas,  which  is  lighter  than  air  (air=l  or  1-000),  has  a  speciftc 
gravity  of  0'0694;  carbonic  acid  is  heavier  than  air,  1-529. 

It  may  seem  a  difiicult  thing  to  take  the  specific  gravity  of 
the  whole  mass  of  the  earth  itself ;  yet  this  has  been  done 
in  the  following  manner. 

Cavendish  first  determined,  in  the  most  accurate  manner,  the 
attraction  exerted  on  a  hght  body  by  a  large  mass  of  lead. 
The  attractive  force  of  the  lead  was  then  compared  with  that 
of  the  earth,  the  bulk  of  the  lead,  and  that  of  the  earth  itself, 
being  known.  The  specific  gravity  of  the  earth,  as  compared 
to  that  of  lead,  was  thus  determined.  Cavendish  arrived  at 
the  result  that  the  mean  density  of  the  earth  was  5-48  times 
as  much  as  that  of  water. 

Centre  of  gravity. 

Every  connected  mass  of  atoms  of  matter  has  a  certain  point 
about  which  aU  the  other  parts  balance  or  have  equihbrium, 
which  point  is  called  the  centre  of  gravity.  By  this  point  the 
mass  may  be  Hfted ;  or  if  supported  on  it  (that  is,  the  weight 
counteracted),  the  mass  or  body  is  at  rest.  This  point  has 
always  a  certain  position  in  any  given  body  ;  therefore  the  part 
may  be  known  about  which,  in  every  position,  the  mass  will 
have  eqxiilibrium.  It  is  the  only  point  in  the  mass,  on  every 
side  of  which  the  atoms  gravitate  equally.  Hence  the  principles 
of  mathematical  science  supply  methods  in  every  case  to  find 
the  centre  of  gravity. 

If  we  place  a  stick  across  a  finger,  the  part  where  it  balances 
on  the  finger  will  be  the  centre  of  gravity.  In  a  ring,  the 
centre  of  gravity  does  not  exist  in  the  ring  itself,  but  in  the 
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centre  part,  where  the  particles  of  which  it  is  constituted 
would  balance. 

If  we  take  a  painter's  palette  and  let  it  hang  freely  by 
the  edge  in  its  longest  direction,  and 
then  drop  a  plummet  with  a  line,  the 
centre  of  gravity  wiU  be  in  the  line 
that  touches  the  surface  of  the  palette, 
as  on  this  line  it  will  balance  (fig.  9). 
Turn  it  sideways,  let  it  hang  freely,  ®" 
and  again  drop  the  plummet  and  line, 
so  as  to  form  another  line  in  which 
the  palette  will  balance.    Then,  as  it 
is  found  to  be  in  both  these  Unes,  the 
centi'e  of  gravity  desired  to  be  known 
is  at  the  point  where  they  cross  each  ^ 
other.  Fig.  9. 

To  find  geometrically  the  centre  of  gravity  of  a  triangle, 
a  c  e(fig.  10),  di'aw  a  line  from  a  to  b,  and  from  cto  d,  bisect- 
ing the  opposite  side  ;  it  vdll  balance  on  either  of  the  two 
lines,  and  the  centre  of  gravity  is  in  both  the  lines,  at  the  point 
/,  where  they  intersect.  Moreover, 
a  f=  I"  a  6,  therefore  taking  a  line 
from  one  angle  bisecting  the  opposite 
side,  and  having  measured  off  from 
the  angular  point  a  distance  of  two- 
thirds  of  its  length,  we  find  the 
centre  of  gravity  of  a  triangle. 

Among  soHd  figures  it  is  evident 
that  those  will  stand  most  firmly 
which  have  the  broadest  base,  as  in  ^ 
them  the  centre  of  gravity  must  be  low, 
the  lower  part  outweighing  the  upper.  ^ig-  10- 

If  we  attempt  to  overturn  any  substance  in  the  form  of  a 
pyramid,  we  find  that  its  centre  of  gravity  has  to  be  lifted 
considerably,  and  also  the  whole  mass  of  which  it  is  com- 
prised. In  fact,  according  to  the  breadth  of  the  base  of  the 
body,  compared  with  the  height  of  the  centre  of  gravity  above 
it,  wlU.  be  the  rise  of  the  centre  of  gravity — ^which  will  be 
more  easily  comprehended  by  the  following  diagrams.  Fig.  11 
represents  a  pyramid,  in  which,  from  the  breadth  of  the  base, 
the  centre  of  gravity  is  low :  if  this  had  to  be  turned  over  so 
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as  to  be  supported  on  the  part  s,  the  centre  of  gravity 
■would  describe  the  part  of  the  cii-cle 
shewn  by  the  dotted  line,  a  circle  of 
■which  s  is  the  centre.  The  greater 
the  distance  that  the  centre  of  gravity 
is  from  s,  the  greater  ■will  be  the  rise, 
and  the  resistance  to  the  lifting  force. 
The  line  marked  by  the  plummet  is 
called  the  line  of  direction  of  the 
centre. 

In  fig.  12  the  base  is  also  broad,  and 
therefore  firm,  from  the  centime  of 
gravity  having  to  be  considerably  raised 
before  the  body  can  be  overturned. 

In  figs.  13  &  14,  the  commencing  path  of  the  circle  described 
by  the  centre  of  gravity  is  not  so  perpendicular  as  in  the 
former  figiu-es;  and  therefore  they  are  less  steady  on  their  bases. 


Fig.  11. 


Fig.  12.  Fig.  13. 

In  fig.  15,  from  the  narro^w  base,  and 
the  high  position  of  the  centre  of  gravity, 
the  slightest  movement  ■would  make  it 
faU,  as  the  motion  described  by  the 
dotted  line  must  be  descending. 
_  Fig.  16  sho-ws  a  stable  position  on  one 
side,  and  an  imstable  one  on  the  other ; 
for  the  sustaining  base  is  actually  nar- 
ro'wed:  thelincof  direction  falling  ■within 
the  angle  formed  by  a  line  from  the 
centre  of  gravity  to  the  comer  of  the 
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base,  the  body  is  still  supported ;  but  if  moved  over  to  the 
right  side,  the  centre  of  gra\'ity  would  be  lowered,  and  the 
body  soon  faU. 

In  fig.  17  the  line  of  direction  falls  beyond  the  base :  its 
position  is  unstable  ;  and  therefore  the  object  falls. 


4  k 

Fig.  10.  Fig.  17. 


Fig.  18  is  an  oval  body,  which  when  on  a  level  plane  and 
moved,  the  centre  of  gravity  will  describe  a  cur\''e  hke  that  of 
a  pendulum,  returning  to  its  former  position,  but  not  turning 
over. 

Fig.  19  is  an  oval  on  one  end ;  and  if  moved  either  on  one 
side  or  the  other,  as  the  motion  of  the  centre  of  gravity  is 
downwards,  it  will  fall. 


Fig.  18.  Fig.  19. 

A  globe  or  ball  (fig.  20),  when  on  a  level  plane,  is  supported 
on  a  single  point ;  but  as  in  every  position  the  centre  of 
gravity  would  be  at  the  same  distance  from  the  sustaining  point, 
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it  has  no  tendency  to  move.  When  it  is  moved,  the  centre 
describes  the  straight  hne  a  h.  The  eqnihbrium  in  this  case 
receives  the  term  indifferent,  as  it  makes  no  attempt,  on  being 
moved,  to  return  to  its  foi-mer  position,  or  move  from  that  in 
which  we  place  it. 


Kg.  20.  Pig.  21. 


Place  a  walking-stick  on  the  edge  of  a  table  a  b  (fig.  21), 
so  that  it  "would  fall  if  left  to  itself ;  attach  to  it  a  weight  e  by 
a  cord  cl ;  place  a  rod  c  against  one  end  of  the  stick  and  the  top 
of  the  weight,  which  rod  must  be  of  such  a  length  as  to  push 
the  weight  a  Httle  underneath  the  edge  of  the  table  ;  and  the 
whole  will  rest  steadily  in  their  positions.  The  cord  being  out 
of  the  vertical,  no  lateral  motion  can  be  given  to  the  weight 
without  raising  the  centre  of  gravity  of  the  system :  the  stick 
in  falling  must  turn  roimd  the  edge  of  the  table ;  in  so  doing 
it  will  describe  the  dotted  part  of  a  cii'cle  g,  lifting  the  centre 
of  gravity  in  the  arc  h  ;  now  as  the  weight  is  heavier  than  the 
stick,  this  is  against  the  laws  of  gravity ;  hence  eqnihbrium  is 
preserved. 

If  a  cart  or  coach  be  loaded  so  high  that  its  centre  of 
gravity  is  at  a  considerable  height  from  the  base,  a  shght 
inclination  on  either  side,  throwing  the  line  of  dii'ection  out- 
side the  wheels,  wdll  cause  the  vehicle  to  be  overturned. 

In  the  human  body  the  centre  of  gravity  must  be  directly 
above  the  points  of  support,  which  are  the  feet.  If,  there- 
fore, we  take  a  load  on  our  backs,  we  bend  forwards,  so  that 
the  centre  of  gravity  may  be  above  the  point  of  support ;  or 
in  taking  a  weight  in  the  arms,  we  lean  backwards.  If  wo 
Avish  to  stand  very  firmly,  we  Aviden  the  base  by  placing  the 
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legs  at  a  greater  distance  and  turning  out  the  toes.  The 
walking  on  wooden  legs  or  stilts  requires  practice,  as  it  is  dif- 
ficult to  preserve  an  equilibrium  in  so  unstable  a  position. 


Pig.  22. — Leaning  Tower  at  Saragossa. 
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On  looking  at  the  ancient  statue  of  Hercules,  the  feet  are 
seen  turned  out,  giving  an  appearance  of  strength  and  firm- 
ness. In  that  of  Mercury,  where  swiftness  is  the  object  to  be 
personified,  the  feet  are  nearly  straight,  and  the  toes  only 
touch  the  gi'ound. 

The  tower  at  Saragossa  (fig.  22)  overhangs  its  base  several 
feet ;  but  the  tenacity  of  its  mateiials  holds  it  together,  and  its 
centre  of  gravity  is  preserved. 


Fig.  23.— The  juggler  preserving  his  centre  of  grarity. 
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The  London  Monument  inclines  much,  as  also  do  several 
tall  church  spires.  But  the  broad-based  Pyramids  of  Egypt, 
of  all  human  monuments  the  most  enduring,  hold  theii"  position 
on  no  such  feeble  tenure,  and  seem  likely  to  stand  for  ever. 

Chemical  Attraction. 

This  kind  of  attraction  is  quite  distinct  from  those  ordinary 
forces  "which  have  just  been  considered,  and  is  not  usually  con- 
ceived to  be  within  the  scope  of  Natural  Philosophy.  In  ordi- 
nary physical  attraction  the  masses  of  matter  drawn  together 
are  not  altered  in  nature  by  the  force  exerted ;  but  in  chemical 
attraction,  two  (or  more)  atoms,  or  bodies,  unite  together  to 
form  a  third  substance  perfectly  distinct  from  both.  The  force 
by  reason  of  which  they  unite  is  also  called  affinity.  Two 
gases — hydrogen  and  oxygen — unite  to  fonn  water ;  a  corro- 
sive acid,  united  with  a  hai'd  metal  and  oxygen  gas,  will  form 
a  mild  salt.  Thus  this  force  is  not  a  simple  attraction,  but  an 
attraction  that  results  in  union,  and  causes  change  of  nature. 

It  is  found,  however,  that  the  atoms  of  what  we  call  dif- 
ferent substances  will  not  cohere  and  unite  indifferently,  as 
atoms  of  the  same  kind  do,  there  being  singular  preferences 
and  dislikes  among  them,  if  it  may  be  so  expressed  ;  and  when 
atoms  of  two  kinds  do  combine,  the  resulting  compound  gene- 
rally loses  all  resemblance  to  either  of  the  elements.  Thus, 
sulphuric  acid  will  unite  with  copper,  and  form  a  beautiful 
translucent  blue  salt ;  with  iron  it  will  form  a  green  salt ;  and 
if  a  piece  of  iron  be  thrown  into  a  solution  of  tlie  copper  salt, 
the  acid  will  immediately  let  fall  the  copper,  and  take  up  or 
dissolve  the  iron.  Sulphuric  acid  will  not  unite  with  or  dis- 
solve gold  at  aU.  Quicksilver  and  sulphur  unite  in  certain 
proportions,  and  form  the  paint  called  vermilion ;  in  other 
proportions  they  form  the  black  mass  called  Ethiop's  mineral. 
Lead  and  oxygen  gas  from  the  atmosphere  form  together  what 
is  called  red  lead,  used  by  painters.  Sea-sand,  or  flint,  and 
the  salt  called  soda,  when  heated  together,  unite  and  form  that 
most  useful  substance  called  glass.  Certain  proportions  of 
sulphur  and  of  iron  combine,  and  produce  those  beautiful  cubes 
of  pyrites,  or  goldlike  metal,  which  are  seen  in  slate.  Chemi- 
cal attraction,  operating  thus,  does  not  in  the  slightest  degree 
interfere  with  general  attraction  or  gravity  ;  for  every  chemical 
compound  weighs  just  as  much  as  its  elements  taken  separately. 
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Repulsion. 

As  a  property  of  matter,  this  is  just  the  opposite  to  attrac- 
tion. Attraction  is  the  force  by  which  the  atoms  of  matter 
are  drawn  towards  each  other.  Eepulsion  is  a  force  by  means 
of  which  they  are  repelled  or  driven  asunder  from  one  another. 

Many  cases  of  so-called  repulsion,  are  simply  instances  of 
diminished  attraction.  The  particles  of  gas  attract  one  another ; 
but  still  they  are  not  close  together,  and,  when  compared  to 
the  atoms  of  a  liquid  or  solid,  they  are  said  to  be  in  a  condition 
of  mutual  repulsion.  It  is  apparent  that  this,  though  true  as 
a  comparative  statement,  is  not  strictly  the  case. 

In  much  the  same  manner,  an  absence  of  adhesive  attraction 
between  two  different  soHds,  is  commonly  termed  repulsion. 
The  particles  of  water  in  a  drop  of  dew  have  no  atti'action  for 
the  waxen  surface  of  a  leaf,  or  for  the  oily  feather  of  a  duck's 
back.  Their  mutual  cohesion  is  thus  left  to  operate  undis- 
tiu-bed,  and  it  causes  them  to  gather  into  the  form  of  a  globe. 
By  taking  proper  care,  a  fine  needle  may  be  floated  on  the 
sui-face  of  stiU  water,  being  protected  from  sinking  by  a  thin 
coating  . of  grease,  which  adheres  to  it,  and  which  has  no  attrac- 
tion for  the  water.  Air  has  an  attraction  for  glass ;  and  baro- 
meter-tubes are  sometimes  spoiled  by  the  air  creeping  up 
between  the  mercury  and  the  tube. 

Glass,  too,  has  an  attraction  for  water ;  but  it  has  none  for 
mercury.  If  a  plate  of  glass  be  dipped  vertically  into  water 
(fig.  24),  the  liquid  >vill  at  length  rise  slightly  on  each  side  of 
the  plate,  by  virtue  of  its  at- 
traction. But  if  the  same  glass 
be  plunged  in  mercury  (fig.  25), 
the  reverse  is  the  case. 

The  mercury  does  not  ad- 
here to  the  glass,  and,  being 
left  to  its  own  cohesive  ten- 
dency, is  depressed  on  each 
side,  assuming  a  cui-vilinear 
outline,  which  is  a  segment  of  v  o 

a  circle ;  for  all  liquid  bodies,  ^S" 
left  to  their  own  cohesion,  tend  to  the  spherical  form:  this 
is  well  seen  when  any  liquid  drops  through  the  air  in  small 
masses.    A  segment  of  a  small  sphere  is  sho-\vn.  by  the  surface 
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of  mercury  in  a  glass  tube  of  circular  bore  (fig.  26).    It  is 


Fig.  25. 

commonly  said  that  the  glass  rej^els  the  mercury :  however,  it 
simply  has  no  adhesion  for  it,  and  leaves  it  to  its  own  cohesion. 
Other  instances  of  such  repulsion  are  easily  pointed  out.  Oil 
has  no  attraction  for  water.  A  glass  rod  greased  will 'cause 
the  sm'face  of  water  in  which  it  is  dipped  to  be  depressed.  If 
the  wii'es  of  a  line  sieve  be  oiled,  water  will  not  i-un  through 
it.  Mercury  will  not  flow  through  muslin.  If  a  hand  be 
dusted  with  Lycopodium,  it  may  be  dipped  in  water  without 
being  wetted. 

Heat,  one  of  the  imponderable  agents,  is  a  most  potent 
cause  of  repulsion,  or  diminished  attraction,  causing  the  parti- 
cles of  bodies  to  become  looser  in  their  cohesion,  and  thus  to 
separate  more  and  more  from  one  another.  Thus  heat  is  said 
to  cause  repulsion;  and  cold,  which  is  the  absence  of  heat, 
favours  cohesion.  SoHd  ice,  when  heated,  becomes  water,  a 
liquid;  water,  when  farther  heated,  becomes  steam,  a  gas 
which  occupies  1700  times  the  bulk  of  the  water  from  which 
it  is  formed.  Gases,  when  heated,  expand  more  and  more  as 
their  particles  fly  asunder.  Matters  which  expand  im^der  the 
influence  of  heat,  expand  with  force,  so  as  to  make  it  seem 
probable  that  the  repulsion  caused  by  heat  is  a  real  and  active 
repulsion,  and  not  merely  the  negative  of  cohesion.  Iron 
expands  when  heated,  and  contracts  when  cold,  in  both  cases 
with  great  force;  so  that  the  iron  beams  of  bmldiags  and 
bridges  may  bring  the  structm-e  to  the  ground,  if  cai-e  be  not 
taken  to  guard  against  the  effect  of  hot  and  cold  weather. 
Water,  when  heated  above  the  boiling-point,  will  burst  any 
vessel  in  which  it  is  confined,  unless  it  be  of  enormous  strength. 


MOTION. 


33 


Or  a  closed  bladder  placed  before  the  fire,  or  tigbtly  corked 
bottle  placed  among  red-hot  coals,  will  burst  by  the  expansion 
of  the  contained  air. 

Heat,  then,  is  the  great  cause  of  repulsion  between  the 
particles  of  matter.  Another  cause  (of  repulsion  as  weU  as 
attraction  under  certain  conditions)  is  electricity.  Of  these 
imponderable  agents,  separate  mention  wiU  be  made  in  the 
latter  part  of  this  volume. 

CHAPTER  II. 

MOTION  AND  FOECES. 
Motion,  Sfc, 

MoTioK  signifies  a  change  of  place ;  everything  is  either  at  rest 
or  in  motion. 

Motion  exists  in  the  heavens  and  the  earth  ;  by  it  we  have 
day  and  night,  heat  and  cold,  rain  and  sunshine,  tides  and 
tempests,  life  and  sound ;  in  fact,  without  it,  aU  would  be  silence, 
coldness,  and  death. 

Various  kinds  of  motions  are  to  be  distinguished : — 

Common  Motion  is  that  in  which  we  participate  with  other 
objects;  thus,  on  the  earth's  turning  on  its  axis  daily,  and 
revolving  round  the  sun  annually,  we  unconsciously  move  with 
it;  so  calmly  majestic  is  this  motion,  that  few  think  they  are 
on  the  surface  of  a  body  turning  round  at  a  rate  of  nearly  one 
thousand  miles  an  hour,  and  advancing  in  a  circle,  at  the  same 
time  round  the  sun  with  a  velocity  of  68,040  miles  every  hour, 
or  nineteen  miles  every  second  of  their  existence. 

Thus  it  is  that,  when  motion  is  easy  and  regular,  we  are 
insensible  of  it  from  partaking  of  that  of  the  object  in  or  on 
which  we  move,  and  from  this  cause  it  was  long  before  philo- 
sophers could  convince  the  popular  mind  that  the  earth  actually 
was  in  motion. 

In  a  carriage  moving  along  a  smooth  road,  and  the  blinds 
down,  a  person  is  unaware  of  his  actual  progxess. 

In  a  cabin  of  a  ship,  when  sailing  at  a  quick  rate,  the  motion 
of  progress  or  direction  is  unlmown ;  the  waves  arc  heard 
flapping  against  the  ship's  side,  but  whether  the  vessel  be 
moving  slowly,  quickly,  or  at  aU,  cannot  be  stated  by  the 
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passenger.  "When  sailing  with  the  shore  in  view,  the  light- 
houses, churches,  and  trees  behind,  seem  receding,  and  those 
in  advance  coming  forward,  as  if  to  welcome  our  visit.  When 
a  ship  at  sea  sails  as  quickly  as  another,  to  the  persons  on 
board  the  ships  seem  to  make  no  progress  >  if  one  ship  passes 
another,  the  people  in  the  ship  left  behind  think  they  are  at 
rest,  and  the  other  vessel  only  in  motion ;  whUe  to  those  on 
hoard  the  swifter  vessel  the  other  appears  to  be  receding. 
This  all  shows  how  insensible  we  are  to  the  motion  in  which 
we  participate,  and  how  the  senses  may  be  deceived  thereby. 

"\STien  passing  through  a  tunnel  on  a  railway,  or  shut  up  in 
a  carriage,  we  are  unconscious  of  a  change  of  place.  On 
moving  swiftly  in  a  railway  carriage,  and  looking  steadily  at 
an  object,  the  landscape  seems  as  if  it  was  reeling  round  in  an 
eddy,  and  the  horseman  on  the  road  looks  as  if  he  and  his 
galloping  steed  strove  in  vain  to  progress,  and  to  be  whirling 
swiftly  backwards.  Thus  sight  is  deceived,  and  seeing  is  not 
behoving. 

Eelative  Motion  is  that  of  a  body  that  is  in  motion  with 
regard  to  one  thing  and  at  rest  with  regard  to  another.  Thus, 
if  a  man  be  on  a  barge  saihng  down  the  river,  and  walk  from 
the  stem  to  the  stern  at  the  same  rate  as  the  tide  is  carrying 
the  barge,  he  will  be  in  motion  relatively  to  the  barge,  but  at 
rest  as  respects  the  bottom  of  the  river  or  its  banks. 

Absolute  Motion  appUes  to  the  heavenly  bodies,  including 
our  own  earth  :  it  is  the  movement  from  one  part  of  space  to 
another.  By  judging  the  sun  to  be  a  fixed  body,  the  motion 
of  the  earth  is  taken  relatively  to  it ;  but  the  sun,  says  Sir 
John  Herschel,  has  an  independent  motion  of  its  own  of 
422,000  miles  per  day,  caiTying  with  it  the  planets  and  comets. 

Peters  states  that  the  sun,  attended  by  aU  its  planets,  satel- 
lites, and  comets,  is  ■  sweeping  through  space  with  a  velocity 
which  causes  it  to  pass  over  a  distance  equal  to  33,350,000 
miles  in  every  year. 

Maedler,  after  a  profound  examination,  has  arrived  at  the 
conclusion  that  the  central  sim  in  our  astral  system  is  Alcyone, 
the  principal  star  in  the  group  of  the  Pleiades,  and  that  this  is 
the  centre  of  gTavity,  aroimd  which  the  sun  and  stars  com- 
posing our  sj^stem  are  all  revolving:  The  distance  of  our  sun 
fi-om  Alcyone  is  said  to  be  so  great,  that  Hght  requires  537 
vears  to  pass  from  the  one  to  the  other,  and  that  it  would  take 
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18,000,000  years  for  oiu*  sun,  with  all  its  planets,  satellites, 
and  comets,  to  complete  one  revolution  around  its  grand  centre. 

Eapkl  Motion  is  sacli  as  light,  electricity,  or  lightning. 

Light  travels  about  192,000  miles  in  a  second,  and  therefore 
would  pass  around  the  globe  eight  times  during  that  small 
portion  of  man's  mode  of  measimng  periods.  Yet  light  from 
a  nebula,  that  may  be  seen  by  the  naked  eye,  though  travelling 
at  a  rate  of  12,000,000  of  miles  in  a  minute,  takes  60,000 
years  to  accomphsh  its  journey  to  our  globe. 

Electricity,  as  in  the  telegraph,  speeds  at  the  rate  of  285,000 
nules  in  a  second;  hence  would  perform  its  journey  nearly 
twelve  times  around  the  earth  in  that  fraction  of  time. 

Sloiv  Motion  is  such  as  the  growth  of  plants  and  animals, 
the  motion  of  the  hoxu--pointer  on  the  clock,  or  the  shadow  on 
a  sun-dial. 

Rectilinear  Motion  means  that  which  is  in  a  straight  line. 
Thus,  a  body  that  moves  in  a  direct  liue  to  a  certain  place  is 
said  to  have  a  rectilinear  motion.  A  stone  dropped  to  the 
ground  is  an  instance. 

Curvilinear  is  a  bent,  arched  Motion;  as  when  water  is 
pumped  from  a  fire-engine ;  a  stone  cast  slantingly,  for  then  it 
does  not  go  straight,  but  is  continually  changing  its  direction. 

Uniform  Motion  is  when  a  body  passes  over  a  certain  space 
in  a  certain  time,  and  continues  to  do  so  with  regularity.  The 
seconds,  minute,  and  hour-pointers  of  the  clock  do  so  in  the 
particular  parts  of  the  circles  to  which  they  are  adapted. 

Accelerated  Motion  is  when  a  body  increases  in  rapidity  as  it 
progi-esses.  A  stone  down  a  mountain  increases  in  speed  as 
it  advances  towards  the  bottom ;  a  railway- train  down  an  in- 
clined plane  will  staii;  slowly,  but  rush  with  impetuous  velocity 
as  it  gains  the  bottom  of  the  incline. 

Retarded  Motion  is  when  a  moving  body  becomes  slower  and 
slower  in  action  as  it  advances.  A  ball  cast  along  a  pavement 
Ulustrates  this ;  or  a  stone  th^o^vn  upwards  into  the  aii",  which 
moves  less  and  less  quickly  until  it  stops,  and  then  commences 
its  descent. 

Inertia  or  Inactivity  of  Matter. 
All  matter  is  said  to  resist  a  change  of  state,  from  rest  to 
motion,  or  from  motion  to  rest ;  and  this  resistance  of  a  body  at 
rest  to  being  put  in  motion,  or  of  a  body  in  motion  to  bo  stopped 
and  rest,  is  called  the  inertia  of  matter.    It  signifies  simi)ly 
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the  persistence  of  matter  to  remain  as  it  is,  and  the  necessity  of 
force  to  produce  a  change  of  any  kind,  either  as  to  its  motion 
or  direction.  Matter  at  rest  resists  any  force  applied  to  move 
it.  Matter  in  motion  tends  to  move  for  ever,  and  resists  any 
force  applied  to  stop  it. 

In  a  railway-carriage,  on  the  commencement  of  motion,  a 
jerk  or  tug  is  given,  when  every  one  is  thrown  backward ;  this 
arises  from  the  body  being  at  rest,  and  resisting  the  commence- 
ment of  motion,  which  is  communicated  suddenly ;  and  if  the 
train  be  quickly  stopped,  the  body,  which  then  has  gained  the 
motion  of  the  carriage,  is  still  advancing,  and  is  thi-own  forward. 

When  standing  in  a  boat  which  is  heaved  off  from  the  shore, 
the  feet  ai-e  dragged  away  with  the  boat,  but  the  body  being 
at  rest,  falls  towards  the  shore,  resisting  the  motion ;  when 
the  boat  suddenly  stops,  the  passengers  are  thrown  forward, 
from  the  same  reason  as  given  in  the  case  of  the  carriage. 

Dr.  Amott  relates  that  a  yotmg  man  unpractised  in  driving, 
having  run  his  curricle  against  a  heavy  carriage  on  the  road, 
foolishly  and  dishonestly  excused  his  awkwardness  in  a  way 
which  led  to  his  father's  prosecuting  the  coachman  for  furious 
driving.  The  youth  and  his  servant  both  gave  evidence  that 
the  shock  of  the  carriage  threw  them  over  their  horses'  heads, 
and  thus  they  lost  their  cause,  by  unwittingly  proving  that  the 
faulty  velocity  was  their  own. 

A  conductor  jumping  from  an  omnibus  in  motion,  as  soon  as 
he  touches  the  ground,  runs  forward  a  few  steps,  because  his 
body  having  the  forward  motion  of  the  vehicle,  it  must  be 
continued  until  he  gets  clear  of  it,  otherwise  he  would  fall. 

A  person  may  jump  from  a  moderately  high  cart  or  carriage 
at  rest  without  injury ;  but  when  they  are  in  motion,  if  he 
attempt  to  jump  in  the  opposite  direction,  he  is  dashed  on  the 
ground.  Thus,  a  person  may  step  out  of  a  railway-carriage 
at  rest  without  injury,  but  when  in  rapid  motion  it  would  be 
almost  sure  death ;  the  velocity  of  the  carriage  being  conveyed 
to  the  body,  it  meets  the  earth  with  all  that  force. 

A  person  sitting  carelessly  on  a  horse,  and  the  animal  re- 
ceiving a  blow,  from  which  it  starts  suddenly  forward,  the 
rider  finds  himself  on  terra  firma.  Matter  in  a  state  of  rest, 
as  the  equestrian's  body,  resists  an  attempt  to  move  it. 

At  an  amphitheatre,  when  standing  on  the  back  of  a  gallop- 
ing horse,  the  performer  will  leap  over  a  garter,  or  through  a 
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hoop.  In  doing  so  he  only  leaps  up ;  for  having  already  the 
motion  of  the  horse,  he  goes  forward  at  the  same  rate  as  when  on 
its  back :  were  he  to  add  force  to  this 
progressive  motion,  he  would  leap 
over  the  horse's  head.  Matter  in 
motion  tends  to  persist  in  that 
motion.  A  ball  thrown  from  the 
hand  would  move  onwards  in  the 
same  direction  for  ever,  were  it  not 
that  the  force  of  gravitation  draws 
it  downward. 

If  a  card  be  balanced  on  the  tip 
of  a  finger,  then  a  coin  placed  on 
the  card,  and  the  latter  receive  a  ^'ig-  27. 

smart  tap,  it  will  fly  away,  leaving  the  coin  on  the  finger-end 


Fig.  28. 


Motion  caused  by  Force. 
put  a  body  in  motion  requires  force,  and  according  to  the 
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quantity  of  matter,  so  is  the  quantity  of  force  required  to  give 
different  bulks  the  same  velocity. 

If  a  quoit  of  one  pound  be  pitched  ten  yards,  it  will  require 
double  the  force  to  pitch  one  weighing  two  pounds  the  same 
distance. 

If  a  ball  be  thrown  carelessly  at  a  mark,  its  motion  is  com- 
parativelj'-  slow  to  what  it  woiild  be  if  the  hand  Avere  drawn 
back,  and  the  ball  driven  with  the  utmost  force  of  the  person ; 
for  according  to  the  force  is  the  motion  produced. 

To  move,  then,  a  heavy  body  as  quickly  as  a  lighter  one 
requires  increase  of  force.  If  a  musket-ball  and  a  cannon-ball 
have  to  move  over  the  same  space  of  ground  at  the  same  time, 
the  atoms  of  matter  in  the  cannon-ball  will  reqxiire  ])ounds  of 
gunpowder  to  the  ounce  required  to  move  the  comparatively 
few  atoms  of  the  musket-baU. 

The  same  force  applied  to  different  quantities  of  matter 
moves  them  in  proportion  to  their  weight.  A  man  in  a  racing 
skiff  passes  over  a  great  space  with  rapidity.  The  same  man, 
exerting  the  same  amount  of  strength,  and  towing  a  barge, 
moves  more  slowly ;  and  when  tugging  at  a  ship  with  aU  his 
might,  his  progress  is  infinitesimal. 

Laws  of  Motion. 

Law  1. — The  first  law  of  motion  was  laid  down  by  Kepler,  the 
great  predecessor  of  Newton :  it  is,  "  That  a  body  will  continue 
in  a  state  of  rest,  or  of  uniform  motion  in  a  straight  line,  until  it 
is  compelled  to  change  its  state  from  some  form  impressed  upon 
it."  This  means,  that  a  body  will  continue  at  rest  if  force  be  not 
used  to  move  it ;  and  that,  when  moved,  every  thing  would  move 
straight  forward  and  uniformly,  if  some  power  was  not  applied 
to  bend  its  motion,  or  stop  it  entirely.  It  is  in  fact  the  law  of 
inertia,  and  has  already  been  explained  imder  that  head. 

A  body  once  set  in  motion  would  never  stop,  did  not  friction, 
gravity,  or  resistance  of  the  air  oppose  it,  and  restore  it  to  rest. 
A  stone  flung  into  the  air  would  move  on  for  ever,  if  the  air 
did  not  resist  its  progress,  and  gravity  bring  it  down  to  the 
earth.  A  marble  rolled  amongst  grass,  on  a  gravel  path,  a 
smooth  pavement,  or  on  ice,  has  a  proportionate  progress; 
moving  an  immense  distance  on  smooth  ice  to  what  it  woiild 
on  grass,  because  it  has  less  friction  to  overcome  on  the  ice 
than  the  grass. 


LAWS  OP  MOTION. 


39 


Were  there  no  such  things  as  friction,  gravity,  or  resistance 
of  atmosphere,  there  -would  be  no  reason  why  a  thing  once  put 
in  motion  should  not  so  continue  for  ever,  and  thus  have  per- 
petual motion. 

Law  2. — The  second  law  of  motion  is  due  to  Newton :  it  is, 
"  That  every  change  of  motion  is  in  proportion  to  the  force  that 
makes  the  change,  and  in  the  direction  of  that  straight  line  in 
which  the  force  is  impressed." 

A  football  may  receive  a  lack,  sending  it  in  a  direct  line ; 
but  another  person  gives  it  a  blow  which  turns  it  out  of  its 
path,  and  changes  its  direction.  When  a  force  acts  on  a  body 
in  motion,  it  produces  the  same  effect  as  if  it  acted  on  a  body  at 
rest.  This  new  force,  if  along  with  that  previously  existing, 
produces  an  iatermixed  resiilt,  by  what  is  called  composition  of 
motion. 

According  to  the  charge  put  into  a  gun,  so  will  be  the  di- 
stance to  which  a  bullet  will  be  driven.  But  when  the  bullet 
is  discharged,  gravity  acts  upon  and  pulls  it  to  the  earth,  and 
thus  its  direction  is  changed  from  a  straight  to  a  curved  line. 

Laiv  3. — To  Galileo  we  owe  this  law,  which  is,  "  That  action 
and  reaction  are  always  equal  and  in  opposite  directions." 

Thus,  if  an  anvil  be  struck  by  a  hammer,  it  resists  with  a 
force  equal  to  the  blow.  When  a  tennis-ball  is  struck  against 
a  wall,  the  wall  resists  with  equal  force,  and  drives  it  back 
again,  in  an  opposite  direction. 

A  horse  dragging  a  load  is  drawn  back  with  force  equal  to 
the  weight  of  the  load.  That  is,  if  a  horse's  strength  be  equal 
to  one  ton,  and  a  weight  of  one  ton  be  placed  for  him  to 
draw,  this  weiglit  will  hold  him  back;  but  if  his  strength 
be  two  tons,  he  loses  one  ton  of  it  by  the  weight,  and  with 
his  other  ton  of  strength  drags  it  onward ;  again,  if  he  pro- 
gress two  miles  an  hour  with  the  one  ton,  exerting  himself  as 
much  without  the  weight,  he  would  advance  four  miles  an 
hour. 

If  a  man  in  a  boat  puU  another  boat  towards  him,  and  the 
boats  be  of  equal  weight,  they  wiU  meet  exactly  half-way. 

It  is  by  the  resistance  of  the  water  against  the  oar  that  the 
boat  is  moved  on  its  journey. 

A  bird  fljing  strikes  the  air  with  its  wings  ;  if  with  force 
equal  to  its  weight,  it  keeps  itself  in  its  position ;  if  with  less 
force  it  sinks,  and  if  with  greater  force  it  rises. 
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If  we  step  on  a  quicksand  we  sink,  because  there  is  no  equal 
resistance  to  our  pressure ;  but  on  the  earth  the  resistance  is 
equal  to  our  pressure,  and  therefore  we  feel  safe  and  steady. 

Composition  of  Forces. 

When  one  force  acts  upon  a  body,  it  moves  in  the  direction 
of  that  force ;  but  when  two  forces  act  at  the  same  time,  as  it 
cannot  move  two  ways  at  once,  it  takes  a  middle  course,  and 
this  path  is  called  the  resultant  or  equivalent ;  that  is,  it  is  the 
result  of  a  composition  of  forces. 

If  a  vessel  has  a  strong  east 
wind  that  would  blow  it  to  the 
west,  with  a  cun-ent  from  the 
south  which  would  carry  it  to 
the  north,  and  these  two  forces, 
the  wind  and  current, act  equally, 
the  vessel  neither  goes  to  the 
north  nor  to  the  west,  but  takes 
a  middle  course  between  them, 
which  is  called  the  diagonal ;  and 
in  this  case  the  diagonal  wiQ  be 
that  of  a  square,  the  equal  sides 
of  which  represent  the  two  equal 
forces  (fig.  29). 

When  the  two  forces  acting  on  a  body  are  not  equal,  then 
its  motion  is  different,  according  to  their  degrees  of  strength. 

Here  the  current  is  not  so 
powerful  as  the  wind,  and  the 
vessel  is  impelled  so  much  fur- 
ther in  the  direction  of  the  wind 
than  in  the  direction  of  the 
current.  The  long  side  of  the 
parallelogram  represents  the  cur- 
rent, the  short  side  the  less 
powerful  wind.  The  resultant 
motion  is  shown  by  the 
parallelogram  of  forces  (fig.  30). 

(A  parallelogram  is  a  plane  figure  whose  opposite  sides  are 
parallel  and  equal  to  one  another.) 

Scientific  men  call  such  forces  components ;  that  is,  the  two 
go  to  make  one,  and  this  one  is  the  resultant ;  they  can  calcu- 


Fig.  29. 


Fig.  30. 


diagonal  of  the  figure. 


This  is  the 
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late  them  to  a  nicety ;  and,  as  of  all  laws  of  nature,  make  them 
a  mathematical  certainty.  They  find  that  a  resultant  force  is 
as  the  square  root  of  the  united  squares  of  the  two  component 
forces.  Suppose  the  force  of  the  wind  would  take  the  vessel 
eight  miles  an  hour,  and  the  current  six  mUes  an  hour, — square 
these  powers ;  8  times  8  are  64,  and  6  times  6  are  36 ;  then 
add  the  numbers  together — 64  and  36  are  equal  to  100, — take 
the  square  root  of  100,  which  is  10,  so  that  the  vessel  has  gone 
by  the  two  forces  10  miles  in  the  hour,  which  is  more  than  it 
would  have  done  by  either  of  the  forces  separately,  for  with 
one  it  would  only  have  gone  six  miles,  with  the  other  only 
eight  miles.  This  rule  is  true  only  when  the  two  forces  are  at 
right  angles  to  one  another. 

'^\'Tien  two  forces  are  almost  in  opposite  directions,  which 
may  be  illustrated  by  opening  a  pair  of  compasses  almost 
straight,  then  the  result- 
ant line  is  very  short, 
which  proves  that  two 
such  forces  tend  to  destroy 
each  other. 

Should  three  or  more 
forces  ia  different  direc- 
tions act  on  a  body,  then 
the  resultant  line  can  be 
found  thus : — 

Here  are  three  forces, 
A  B,  A  c  and  A  D  (fig.  31)  ; 
the  resultant  of  a  b,  a  c  is 
first  found  in  the  manner 
before  stated,  which  will 
be  the  dotted  line  a  f  ; 
then  the  forces  a  d  and  a  f  will  give  the  Hne  a  e,  which  is  the 
resultant  of  the  three  forces. 

Velocity. 

Intensity,  not  quantity,  of  motion  is  meant  by  velocity. 
Velocity,  or  swiftness,  is  measured  by  the  time  employed  in 
moving  over  a  certain  space.  Thus,  if  a  cannon-ball  move 
about  1000  feet  in  a  second,  and  a  railway-engine  about  100 
feet  in  the  same  time,  the  ball  has  ten  times  the  velocity  of 
the  engine. 
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It  has  been  shown  that  eveiy  atom  of  matter  is  equally 
attracted  or  pulled  to  the  earth  ;  yet,  if  a  shilling  and  a  feather 
be  dropped,  the  difference  in  their  velocity  or  swiftness  in 
reaching  the  ground  is  considerable  :  but  this  arises  from  the 
atoms  of  which  the  feather  is  composed  being  more  expanded, 
and  the  resistance  of  the  air  causing  it  to  fall  slowly ;  take 
away  the  air,  as  can  be  done  by  an  air-pump,  and  the  feather 
and  coin  will  faU  with  almost  equal  rapidity.  If  a  sovereign  was 
beaten  out  into  a  thin  leaf,  the  resistance  of  the  air  would 
prevent  it  reaching  the  ground  with  the  same  velocity  as  when 
in  the  form  of  a  coin.  Thus,  velocity  is  retarded  or  diminished 
by  the  resistance  of  the  atmosphere. 

Momentum. 

The  term  momentum  is  used  to  signify  the  quantity  of 
motion  that  a  body  has  accumulated  within  itself,  and  is  in 
proportion  to  its  velocity  and  mass  of  matter.  Momentum 
depends  on  the  law  of  inertia.  A  body  that  has  acquii-ed 
motion  tends  to  continue  in  that  motion,  and  resists  any  ob- 
stacle or  attempt  to  stop  it,  in  proportion  to  its  weight,  and 
the  velocity  it  has  acquired. 

The  motion  given  by  force  can  be  communicated  from  one 
body  to  another,  in  quantity  equal  to  that  which  it  possesses. 
Thus  a  person  may  roll  a  cannon-baU  from  his  hand  against  a 
thick  piece  of  timber,  and  the  momentum  not  being  much,  the 
timber  receives  little  injuiy.  If  the  baU  be  fired  at  a  distance, 
it  wiU  bruise  and  splinter  the  wood ;  but  if  fired  at  a  short 
distance,  it  will  pass  through  it. 

We  communicate  momentum  to  a  hammer  in  driving  a  nail, 
but  a  greater  one  when  we  fix  a  stake. 

A  great  velocity  given  to  a  small  body  may  equal  in  effect  a 
less  velocity  given  to  a  large  one.  Thus  a  batteiing-ram  does 
no  more  than  a  cannon-ball.  A  cannon-ball  28  lb.  weight, 
passing  at  a  rate  of  1072feet  per  second,  would  equal  a  battering- 
ram  of  15,000  lb.  Aveight  moved  at  two  feet  per  second.  This 
is  calculated  by  multiplying  the  weight  by  the  space  passed 
over  by  the  ram,  equal  to  30,000  ;  this  again  is  divided  by  the 
weight  of  the  baU,  28,  and  the  velocity  necessaiy  for  the  ball 
is  thus  known, — nearly  1072  feet  per  second. 

A  liglit  body  with  increased  momentum  will  strike  as  power- 
fully as  a  heavier  one  having  less  momentum  or  velocity :  thus 
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a  ball  3  lb.  weight  ■n'ith  a  momentum  of  300  feet  per  second, 
•will  strike  with  as  much  force  as  a  30  lb.  ball  driven  at  a  rate 
of  30  feet  per  second. 

As  velocity  is  attained  by  the  act  of  falling,  we  find  it 
necessary  to  lay  down  heavy  weights  gently.  If  a  box  of 
100  lb.  weight  was  placed  easily  down  on  a  floor,  no  injury 
would  accrue ;  but  if  dropped  at  a  height  of  an  inch  and  a 
quarter,  the  momentum  would  make  it  fall  with  a  weight  of 
200  lb. ;  if  at  five  inches,  -with  a  force  of  400  lb. 

To  such  an  increasing  force  as  this  the  term  momentum  is 
also  applied,  though  somewhat  irregularly.  In  this  sense  it 
signifies  a  velocity  continually  increasing  by  a  force  continually 
acting.    This  is  also  called  an  acceleration  of  motion. 

If  a  boy  throw  a  cricket-ball  up  in  the  air  10  feet  high, 
and  catch  it  in  his  hands,  he  does  not  feel  any  particular  hurt ; 
if  he  cast  it  upwards  20  feet,  he  receives  a  good  smart  blow 
on  its  return  ;  and  if  30  feet  high,  he  has  to  ease  the  blow  of 
the  ball  by  giving  way  to  it,  or  otherwise  his  hands  might  be 
bruised. 

A  ball  dropped  from  the  hand  at  the  height  of  the  head,  is 
easily  caught  by  the  time  it  reaches  the  breast ;  but  the  lower 
it  gets,  the  more  difficult  it  is  to  catch.  A  person  may  spring 
from  a  chair  and  feel  no  harm  ;  in  leaping  from  a  high  window 
he  may  receive  a  sprain  or  a  broken  bone ;  but  in  jumping 
from  a  house-top  he  would  probably  be  killed. 

Palling  bodies,  every  moment  they  are  descending,  collect 
more  velocity  and  momentum. 

If  a  person  be  on  the  top  of  a  hill  or  mountain,  and  move  a 
large  stone  over  its  side,  it  goes  the  first  few  feet  hesitatingly, 
as  if  with  reluctance ;  but  gradually,  as  it  proceeds,  its  motion 
is  increased  to  great  rapidity,  xmtil  it  has  rolled  beyond  the 
foot  of  the  mountain,  along  the  plains  below. 

A  horse  in  kicking  draws  its  leg  up,  and,  as  the  space  it 
has  to  pass  through  adds  to  the  velocity,  is  enabled  to  inflict 
frightful  injury.  Boxers  keep  their  arms  far  back,  that  they 
may  give  a  powerful  blow  when  strildng  at  arm's  length. 
Anchor-smiths,  in  wielding  a  blow,  swing  the  hammer  round, 
that  it  may  have  accelerated  power  in  forming  the  ponderous 
instrument  that  has  to  grapple  with  tides  and  storms.  In  pile- 
driving,  a  weight  is  pidled  up  to  a  great  height,  and  let  fall,  to 
force  the  beam  into  the  bed  of  the  river. 
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The  distance  a  bullet  may  be  sent  depends  much  on  the 
length  of  the  barrel,  or  the  space  in  which  force  may  be  accu- 
mulated. The  clever  deer-hunters  and  pigeon-shooters  in 
America  use  enormously  long-baiTcUed  rifles. 

The  velocity  gained  by  going  down  a  steep  incline  will  cause 
a  body  to  rise  up  an  opposite  acclivity.  If  a  horse  with  a  cart 
be  driven  fast  down  hUl,  the  momentum  acquired  will  assist 
him  in  mounting  the  ascent  beyond. 

A  monkey  drops  a  cocoa-nut  from  a  height,  that  its  shell 
may  be  broken.  Some  birds  drop  shell-fish  on  rocks,  that 
they  may  feast  on  the  food  inside. 

Velocity  of  Falling  Bodies. 

It  has  been  just  stated  that  when  a  body  is  let  fall  from  a 
height,  as  the  attraction  of  gravitation  is  continually  acting,  so 
the  velocity  increases  every  instant.  By  accurate  calculations, 
it  is  found  that  the  increase  is  exactly  as  the  odd  numbers  1, 
3,  5,  7,  9,  &c. ;  that  is,  in  one  second  of  time  a  body  falls 
through  16  feet  of  space  ;  in  the  next  second,  it  passes  through 
three  times  1 6  feet,  that  is,  48  feet ;  in  the  third  second,  its 
progress  is  five  times  16  feet,  or  80  feet ;  in.  the  fourth  second, 
seven  times  16  feet,  or  1 12  feet :  thus  the  whole  of  the  space 
passed  through  ia  four  seconds  will  be  16,  48,  80,  and  112 
feet,  which,  added  together,  is  256  feet. 

The  rule  deduced  from  this  is,  "  The  spaces  described  by  a 
body  faUing  freely  from  a  state  of  rest  increase  as  the  squares 
of  the  times  increase."  The  seconds,  that  is  "the  times," 
multiplied  by  themselves,  give  "  the  squares,"  and  this  result 
multiplied  by  sixteen,  that  is,  the  space  described  by  the  first 
second,  the  answer  will  be  the  number  of  feet  through  which 
the  body  has  fallen  in  a  certain  number  of  seconds.  The 
square  of  2  being  4,  in  two  seconds  the  body  will  have  fallen 
64  feet ;  for  a  similar  reason,  in  four  seconds  256  feet  will  be 
traversed.  On  dividing  the  distance  by  16,  and  taking  the 
square  root  of  the  result,  the  time  employed  is  represented. 
Heights  can  be  roughly  measured  by  this  rule. 

Were  a  weight  dropped  from  a  pillar,  and  the  time  of  its 
falling  to  be  three  seconds,  then  multiply  three  by  three,  which 
is  nine,  and  multiply  again  by  sixteen,  the  result  will  be  144 
feet — the  height  of  the  pillar. 

A  stone  dropped  down  a  well  or  mine,  and  the  time  of  its 


BJEPIEXION  OF  MOTION. 


45 


faUing  being  foimd  by  a  watcb  to  be  four  seconds,  four  times 
four  is  equal  to  sixteen,  wbich,  multiplied  by  sixteen,  the 
depth,  of  the  well  or  mine  will  be  256  feet. 

The  real  distance  a  body  falls  in  a  second  is  16  feet  1  inch ; 
but  the  use  of  a  whole  number  is  less  confusing  to  the  com- 
prehension than  when  fractional  parts  are  introduced. 

Everything  would  fall  with  the  same  velocity,  were  it  not 
that  the  resistance  of  the  atmosphere  acts  more  on  one  body 
than  upon  another.  If  this  were  not  the  case,  a  feather  would 
fall  as  rapidly  as  a  bullet. 

Reflexion  of  Motion, 
A  ball  or  a  marble  being  driven  in  a  perpendicular  line 


Fig.  32. 

against  a  wall,  the  reaction  of  the  wall  wiU  cause  it  to  re- 
bound in  the  same  line  as  it  proceeded  towards  the  wall. 

If  a  ball  be  bowled  obliquely,  on  hitting  a  point  it  will 
rebound  in  a  similarly  oblique  line,  in  an  opposite  direction. 
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The  ball  thus  thrown  by  the  boy  at  a  (fig.  32)  hits  the  wall  at 
c,  and  then  progresses  towards  the  boy  at  d,  forming  as  equal  an 
angle  on  one  side  as  on  the  other,  which  may  be  knoAvn  by 
drawing  a  straight  hne  from  the  point  of  the  wall  where  the 
ball  hit.  The  angle  formed  by  the  line  indicating  the  direction 
of  the  ball  and  by  the  pei-pendicular  dotted  line  from  the  point 
of  contact  is  called  the  anifle  of  incidence ;  and  the  rmr/Ze  of 
reflexion  is  the  angle  contained  between  the  same  perpendicular 
dotted  line,  and  the  line  drawn  representing  the  path  of  the 
ball  after  it  has  rebounded  from  the  wall.  It  is  a  general  law^, 
that  these  two  angles  are  equal  to  each  other.  It  wiH  after- 
wards be  seen  that  this  rule  applies  as  much  to  a  ray  of  light 
as  to  a  line  of  force. 

Reaction. 

The  law  of  reaction  has  been  laid  down  in  law  3  ;  but  the 
following  examples  will  assist  in  elucidating  the  subject : — 

On  board  our  men-of-war,  there  are  contrivances  for  the 
recoil  of  the  cannon  that  are  fired,  for  the  cannon  receives  as 
much  momentum  as  the  ball;  but  the  momentum  being 
distributed  through  the  large  mass  of  the  cannon,  it  is 
more  easUy  arrested  than  the  smaller  mass  of  the  cannon- 
ball. 

Most  persons  have  felt  the  blow  of  a  gun  on  firing  it  when 
not  placed  tightly  against  the  shoulder.  By  having  it  placed 
to  the  shoulder,  there  is  the  greater  mass  to  receive  the 
momentum  caused  by  the  recoil. 

A  vessel  chasing  a  smuggler  retards  her  motion  in  fii-ing  her 
bow  guns,  whUe  the  smuggler  quickens  hers  by  firing  her  stem 
cannon. 

An  elastic  body  yields  to  pressure,  but  strives  to  resume  its 
former  shape.  Thus,  a  piece  of  cane  when  bent  endeavours  to 
gain  its  former  straightness. 

If  a  row  of  billiard-balls  be  placed  in  contact,  and  another 
baU  be  driven  against  the  first  one,  the  di-iven  ball  stops,  but 
it  communicates  its  motion  to  the  next,  which  again  transfers 
it  to  its  neighbour,  and  so  on,  until  the  last  baU  haA-ing  no 
other  to  communicate  it  to,  flies  off  with  the  motion  of  the 
baU  that  took  up  its  place  before  the  fii'st  one. 

The  second  ball  has  stopped  the  first  by  its  inertia,  but  the 
immediate  reaction  causes  the  motion  it  has  arrested  to  be 


KEACTION'.  CENTEIFTjaAL  FOECE. 


47 


communicated  to  itself.  Instances  of  this  kind  might  be 
multiplied  almost  indefinitely. 

On  the  contiaual  alternation  of  action  and  reaction,  depends 
the  familiar  phenomenon  of  the  vibration  of  elastic  solids,  as 
of  a  piece  of  wood,  steel,  or  bell-metal. 

Centrifugal  Force. 

It  has  been  seen  that  the  tendency  of  all  matter  in  motion 
is  to  move  in  a  sti'aight  line,  and  that  "when  it  does  not  do  so, 
some  power  acts  upon  it  and  prevents  it.  The  earth  has  a 
motion  nearly  in  a  circle  around  the  sun ;  its  tendency  is  to 
fly  off  in  a  straight  line,  but  it  is  prevented  from  doing  so  by 
the  attraction  of  the  sun,  which  is  in  opposition  to  the  inertia, 
or  persistence  of  matter  in  motion.  This  tendency  to  move 
away  in  a  straight  line,  is  called  the  centrifugal  or  centre-flying 
force. 

A  plummet  fastened  to  a  string,  and  whirled  round,  makes 
a  constant  effort  to  move  in  a  straight 

line ;  but  from  being  held  to  a  centre   ? 

every  movement  is  bent:  cut  the  ^  ' 

string,  and  it  will  dart  off  in  a  direet 
line,  which  is  a  tangent  to  its  cir- 
cular motion.  This  plummet  may 
be  taken  to  represent  the  earth,  and 
the  stiing  which  prevents  it  from 
fijTng  off,  the  attraction  of  the  sun. 
The  motion  of  a  wheel  round  a  fijscd 
centre  or  axis  is  explained  in  the 
same  manner  (fig.  33). 

Supposing  a  rotatory  or  vibratory  motion  to  be  given  to  a 
body  of  circular  or  other  shape,  and  this  body  have  some 
moveable  particles  loosely  attached  to  it,  these  wUl  tend 
to  fly  off  from  it  ia  a  straight  line ;  that  is  to  say,  they  act 
in  obedience  to  the  first  force.  All  force  tends  to  cause  motion 
in  a  straight  hne.  But  a  second  force,  which  holds  the  firm 
body  to  a  centre,  changes  its  movement  to  rotation.  The 
moveable  particles  not  being  held,  they  fly  off,  as  the  water 
from  a  twirling  mop,  and  are  said  to  do  so  by  centrifugal 
force. 

When  a  dog  comes  out  of  water,  it  shakes  itself,  and  the 
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water  flies  ojff  in  direct  lines.  The  mud  on  a  carriage-wheel 
flies  away  in  a  straight  Kne  from  different  parts. 

The  potter  makes  use  of  centrifugal  force  to  aid  in  his  useful 
handicraft.  A  piece  of  clay  is  placed  on  a  rapidly-moving 
flat  wheel,  and  the  clay  flattens  out  in  endeavouring  to  move 
from  the  centre ;  with  the  aid  of  his  fingers  and  a  little  tool, 
he  turns  and  moulds  it  as  he  pleases. 

Our  common  window-glass  is  also  by  this  force  manufac- 
tured into  sheets.  An  iron  rod,  holding  a  mass  of  molten  glass, 
is  made  to  turn  rapidly  round;  the  glass  is  spread  out  on 
a  table  into  a  thin  round  plate,  from  which,  when  cool  and 
hard,  are  cut  different-sized  panes. 

Centripetal  Force. 

This  means  centre- seeking  force.  It  is  the  power  that 
draws  inward,  towards  the  centre  of  a  circle. 

It  is  the  opponent  of  the  centrifugal  force  which  has  just 
been  illustrated.  It  is  the  string  that  holds  the  plummet,  the 
sun  that  keeps  the  world  in  rotation. 

Though  distinctive  names  are  given  to  these  two  powers,  it 
is  not  to  be  supposed  that  they  differ  in  any  manner  from  other 
kinds  of  force.  The  only  use  of  the  terms  is  in  the  explana- 
tion of  the  phenomenon  of  rotation  round  a  centre,  familiar  to 
us  on  the  earth,  and  exemplified  on  a  grand  scale  in  the 
heavens.  Further,  it  is  simply  when  taken  together,  or  opposed 
to  one  another,  that  the  words  have  any  real  significance.  Cen- 
trifugal force,  alone,  is  motion  in  a  right  line.  Centripetal 
force,  alone,  is  attraction. 

The  great  centripetal  force  in  nature  is  the  attraction  of 
gravitation.  This  has  already  been  explained  to  be  the  force 
by  which  all  greater  bodies  attract  lesser  ones,  by  which  our 
earth  draws  to  itself  aU  matter  on  its  surface,  and  the  sun 
draws  to  itself  our  earth. 

The  sun  is  the  centripetal  power  which  balances  the  centri- 
fugal motion  of  the  earth,  and  thus  keeps  it  in  its  orbit. 
Were  the  centripetal  force  to  predominate,  the  earth  and  sun 
would  continually  approach  each  other  till  they  became  one 
mass  ;  on  the  contrary,  had  the  centrifugal  force  predominated, 
our  sun  by  this  time  would  have  been  of  but  little  use  to  ua 
from  its  great  distance. 

If  a  stone  be  placed  in  a  sling,  and  whirled  round  while  the 
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cord  is  held,  that  is  the  centripetal  force ;  but  when  one  of  the 
cords  is  let  loose,  the  stone  darts  off  in  a  straight  direction,  and 
that  is  centrifugal  force. 

It  was  formerly  a  favourite  performance  among  jugglers,  to 
place  a  glass  of  water  in  a  hoop  and  swing  it  round,  then 
restore  it  to  rest  without  siiilling  a  di'op. 

A  horseman  on  turning  a  sharp  corner  leans  inwards,  that 
he  may  overcome  the  centrifugal  force,  i.  e.  the  tendency  to 
move  straight  on. 

At  exhibitions  of  horsemanship,  while  riding  round  the 
circus,  both  man  and  horse  lean  toward  the  centre,  and  the 
faster  they  go  the  more  they  incline  inward,  that  their  centri- 
petal position  may  equalise  their  centrifugal  force. 

In  skating,  a  person  describing  a  circle  leans  inwards  in 
such  a  manner  that  unless  moving  he  would  fall ;  the  motion 
prevents  his  downward  progress,  and  he  wheels  about  in 
gi'acefiil  action. 

Two  common  phenomena,  not  in  reality  so  simple  as  they 
seem,  may  demand  some  explanation  here — the  rolling  of  a 
ball,  and  the  rotation  of  a  top.  Suppose  a  ball,  to  which 
momentimi  has  been  given,  comes  in  contact  with  the  ground ; 
the  part  which  touches  the  ground  is  hindered  from  moving  on 
by  friction.  The  upper  part  moves  on,  but  being  hindered  by 
the  state  of  rest  to  which  the  lower  part  has  come,  and  kept 
to  it  by  attraction,  it  cannot  move  in  a  straight  line,  but  its 
momentum  carries  it  onwards  imtil  it  too  touches  the  ground 
at  some  distance  off.  The  part  at  first  lowest  has  moved 
round,  and  is  now  uppennost,  and  free  to  move  onwards  in  its 
turn.  These  opposite  movements  combine  to  cause  the  motion 
of  rollinc/. 

A  circular  body,  as  a  top,  spinning,  or  rotating  round  its 
axis,  is  a  similar  instance  to  that  of  the  rotation  of  the  earth, 
inasmuch  as  it  results  from  a  compromise  between  the  centri- 
fugal and  centripetal  forces.  The  latter  consists  here  in  the 
mutual  attraction  of  the  particles.  Let  us  consider  the  case. 
In  setting  a  top  going  we  communicate  two  opposite  motions 
to  it,  as  is  easily  discovered  when  we  tiuirl  it  with  the  finger 
and  thumb.  To  one  side  of  the  circle  we  communicate  a 
motion  in  one  direction,  to  the  other  side  in  the  contrary 
direction.  The  tendency  of  both  is  to  continue  in  a  right 
line ;  were  the  top  made  of  loose  material,  this  would  really 
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hajipen,  and  its  parts  would  fly  asunder,  just  as  we  see  a  heap  \ 
of  sand,  which  has  been  caused  to  rotate  by  a  wind-eddy,  fly 
abroad  in  a  radiating  manner  when  the  gust  has  ceased.  But 
the  particles  of  the  top  are  held  together  to  a  common  centre. 
Each  side  moves  on  in  the  direction  of  the  motion  given  to  it, 
but  being  held  to  this  centre,  it  moves  in  a  circle,  as  the 
plummet  held  by  a  string.  The  opposite  side,  having  acquired 
the  same  motion,  causes  an  exact  balance  of  force,  and  the 
whole  moves  round  its  axis ;  rotation  is  produced,  which  may 
be  called  a  compromise  between  two  opposite  forces  acting  on  the 
same  body.  Each  force  may  be  said  to  have  its  own  way  on 
one  side  of  the  top.  As  aU  motion  tends  to  continue  for  ever, 
this  rotation  would  go  on  without  limit,  were  it  not  for  the 
friction  of  the  sides  with  the  atmosphere,  and  of  the  point  of 
the  top  with  the  ground.  If  the  two  rotating  forces  be  suffi- 
ciently strong,  they  may  overcome  the  force  of  gravity,  and 
the  top  will  continue  to  spin  on  its  peg,  whether  or  not  it  be 
exactly  balanced  on  its  centre. 

Motion  of  Projectiles. 

When  a  ball  is  fired  from  a  cannon,  it  is  affected  by  two 
forces ;  first,  the  power  that  drives  it  forward,  and  secondly, 
the  attraction  to  the  earth.  The  force  impelling  it  forward 
may  be  increased,  but  the  power  of  gravity  is  never  decreased. 
Thus,  whether  a  ball  be  driven  in  a  straight  hue  one  mile  or 
two  miles,  it  reaches  the  ground  as  soon  at  two  miles'  distance 
as  at  one  mile. 

A  ball  dropped  from  the  mouth  of  a  cannon  would  reach  the 
ground  at  the  same  time,  from  gravity,  as  a  ball  fired  the  di- 
stance of  a  mile  touches  the  earth,  provided  it  were  fired  in  a 
line  parallel  with  the  earth's  surface. 

When  anything  is  forcibly  thrown  forward,  as  a  buUet,  a 
stone,  or  an  arrow,  and  the  direction  given  is  that  of  a  straight 
line,  it  will  be  seen  to  have  taken  a  bent  or  curvilinear  direc- 
tion. If  water  be  forced  from  the  spout  of  a  pmnp,  according 
to  the  force  given  does  the  water  take  a  short  or  wide  bending 
motion.  The  curve  described  by  any  body  thus  projected,  is 
termed  by  mathematicians  a  pai'abola. 

On  firing  a  cannon,  this  bent  motion,  from  gravity,  keeps 
gradually  accumulating,  so  that  the  ball  is  continually  ap- 
proaching the  earth,  and  as  more  force  is  applied,  the  sweep 
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of  the  curve  is  enlarged.  If  the  force  was  great  enough  to 
carry  the  ball  twenty  miles,  the  curve  would  elongate,  and  if 
fifty  miles  it  would  be  stUl  larger,  and  so  it  would  go  on  until, 
mth  increased  force,  it  passed  around  the  earth,  and  formed  a 
perfect  circle. 

Were  it  possible  to  give  a  greater  force  than  would  send  a 
baU  around  the  earth,  it  would  fly  off,  and  become  an  inde- 
pendent body,  rolling  in  space. 

The  motions  of  the  earth  and  planets  have  been  abeady 
stated  to  arise  from  the  centrifugal  force  with  which  they  are 
projected  into  space  being  counteracted  by  the  centripetal,  by 
which  they  have  gained  that  curved  motion  which  they  in- 
variably pursue ;  but  from  the  forces  not  being  at  right  angles, 
their  path  is  not  a  perfect  circle. 

Suppose  s  (fig.  34)  to  be  the  sun 
and  E  the  earth,  that  the  earth  is 
projected  with  a  force  sufficient  to 
send  it  in  a  month  to  p,  while  the 
sun's  attraction  would  bring  it  in 
that  space  of  time  to  a,  then  the 
two  forces  acting  together  on  the 
earth,  cause  it  either  to  fly  off 
in  a  straight  line  or  to  fall  into 
the  sun  ;  but  being  controlled  by 
each,  continually  striving  to  get 
away  while  held  fast  by  attrac- 
tion, it  proceeds  in  a  circular 
path.    The  attraction  to  the  sun  Fig.  34. 

is  called  the  centripetal  force,  and  the  force  with  which,  if 
alone,  it  would  go  in  a  straight  line,  the  centrifugal. 

The  Pendulum. 

A  weight,  fastened  to  a  piece  of  string  attached  to  a  beam, 
and  pulled  to  one  side,  then  let  fall,  will  rise  up  on  the  opposite 
side  and  describe  a  curve.  This  is  from  having,  when  descend- 
ing, received  as  much  accelerated  motion  as  carries  it  iip  the 
opposite  side  to  an  equal  height.  Again  descending,  by  virtue 
of  the  force  of  gravity,  it  rises  up  the  opposite  side  for  the 
same  reason  as  before.  The  momentum  avlU  cause  it  to  keep 
in  this  motion,  imtil  the  resistance  of  the  air  gradually  lessens 
he  length  of  the  curve,  and  it  becomes  stationary.  This 
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Fig.  35. — Pendulum. 


motion  of  swinging  backwards  and  forwards  is  called  vibration 
or  oscillation. 

The  ijendulum  is  commonly  a  thin  rod  of  metal  wire,  hung 
from  a  point  a  (fig.  35),  by  a  thin  metal  spiing  or  other  con- 
trivance, to  allow  the  pendulum 
to  swing  in  the  proper  cui've, 
with  a  weight  at  its  lower  ex- 
tremity, called  the  bob  b.  'V^Tbien 
the  ball  is  raised  to  c,  it  falls, 
by  the  force  of  gravity,  like  a 
ball  rolUng  down  a  slope  to  the 
place  at  which  it  was  at  rest,  b  ; 
and  as  all  bodies  have  their 
motions  as  much  accelerated 
whilst  descending,  as  retarded 
when  ascending,  it  anives  by 
this  reaction  at  d.  Next,  gravity 
pulls  it  back  again  to  b,  with 
accelerated  motion  sufficient  to 
send  it  again  to  c ;  and  thus  it 
would  go  on  for  ever,  were  there  neither  air  nor  friction  to  act 
as  an  impediment,  and  bring  it  to  a  rest.  From  c  to  d  is  called 
its  path  or  arc.  The  duration  of  an  osciQation  is  the  time 
required  for  passing  along  its  path  or  arc. 

Viewing  the  motion  of  the  pendulum  in  the  parallelogram 
of  the  diagram,  it  will  be  seen  to  act  from  two  forces,  the  one 
direction  being  that  of  gravity  downwards,  and  the  other  recti- 
linear, in  the  direction  b,  while  the  resultant  of  the  two  forces 
is  a  curve,  which,  if  the  point  of  attachment  above  remains 
fixed,  will  be  the  segment  of  a  circle. 

"Whether  a  pendulum  be  long  or  short,  its  beats  are  equal  if 
the  curve  he  a  cycloid,  which  differs  a  little  from  a  cii'cle ;  and 
it  is  this  property  that  constitutes  its  immense  value  to  man. 

The  motion  of  a  pendulum  is  calculated  just  as  precisely  as 
any  other  simple  question  of  arithmetic.  Thus  if  the  motion 
of  one  pendidum  takes  one  second,  and  another  two  seconds, 
the  length  of  the  pendulum  wiU  be  as  1  to  4 ;  that  is,  the  times 
are  multiplied  by  themselves,  as  three  seconds,  the  length  9 ; 
four  seconds,  the  length  16.  Thus,  then,  the  duration  of  an 
oscillation  being  as  whole  nimabers,  the  length  of  the  pendulum 
will  be  as  the  squares. 
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In  London  a  pendulum  will  beat  seconds  if  its  length  be  a 
trifle  more  than  39  inches ;  for  half  seconds  its  length  w6uld 
be  nearly  10  inches,  thus  only  about  a  fourth ;  a  quarter  second 
pendulum  nearly  2|  iuches,  foiir  times  less  again.  Then,  for 
a  pendulum  to  beat  two  seconds  would  require  one  four  times 
as  long  as  a  seconds'  pendulum.  This  law  will  be  seen  to  be 
the  stime  as  that  of  the  speed  of  a  falling  body  increasing  four 
times  in  two  seconds. 

A  clock  is  composed  of  a  few  wheels  which  are  dragged 
roimd  by  weights  attached,  or  by  a  spring  in  a  box :  the  move- 
ment of  these  wheels  would  be  irregular  were  they  not  governed 
by  the  regular  motions  of  the  pendulum ;  without  the  pendulum, 
the  hours  would  not  be  pointed  out,  and  the  clock  then  of  little 
use.  The  weight  or  spring  causes  the  movement,  but  its  rate 
depends  solely  on  the  pendulum.  The  pendulum  is  hooked  on 
to  a  part  of  the  clock,  and  each  time  as  it  vibrates  it  allows  a 
cog  of  a  wheel  to  pass ;  this  wheel  has  sixty  of  those  cogs 
around  it ;  then,  if  the  pendulum  swings  sixty  times  ia  one 
minute,  it  just  occupies  that  space  of  time  in  passing  round ; 
to  this  wheel  a  pointer  is  fixed,  which  shows  on  the  face  of  the 
clock  sixty  movements  of  seconds,  completing  the  circle  in  one 
minute.  The  sixty-cogged  wheel  moves  on  another  wheel  at 
a  slower  rate,  which  shows  the  hours  on  the  dial.  Other 
wheels  for  other  purposes  are  sometimes  added,  which  are  all 
under  the  regulation  of  the  pendulum. 

The  length  of  the  seconds'  pendulum  varies  in  different  places ; 
it  must  be  a  little  longer  at  Edinburgh  than  in  London ;  for  it 
is  influenced  by  that  universal  principle,  gravity,  as  aU  other 
bodies  are.  The  thousandth  part  of  an  inch  in  length  varies 
or  adjusts  its  movements,  to  the  extent  of  a  second  in  a  day. 

At  the  Equator  and  at  the  Poles,  the  different  thickness  of 
the  earth  is  such  as  to  necessitate  a  difference  of  one-fifth  of 
an  inch  in  the  length  of  the  pendulum. 

The  length  of  a  pendulum  must  be  measured  from  tJiejooint 
of  siisjoension  to  the  centre  of  the  oscillation. 

The  invention  of  the  long  pendulum  is  claimed  by  a  London 
artist,  named  Richard  Harris,  who  applied  it  to  a  clock  in  161 1 , 
which  is  seventeen  years  before  the  time  that  Galileo  states  h^e 
directed  one  to  be  made. 

We  have  seen,  in  a  former  part  of  this  work,  that  the  heat 
and  cold  of  the  seasons  affect  iron,  and  therefore  must  have  an 
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influence  on  the  metal  of  the  rod  of  the  pendulum.  To  avoid 
this  consequence,  serious  in  many  affairs  of  life,  what  is  called 
a  gridiron  pendulum  has  been  invented,  which  consists  of 
several  rods  of  different  metals,  so  adjusted  as  to  counterbalance 
the  various  effects  of  the  seasons. 

Compensation  is  effected  in  the  great  clock  of  the  Royal 
Exchange,  by  the  equivalent  contraction  and  expansion  of  a 
system  of  combined  rods  of  zinc  and  steel :  the  centre  rod  is  of 
steel,  the  whole  length  of  the  pendulum  ;  and  at  the  bottom  of 
the  pendulum,  as  shoAra  in  the  figure,  is  placed  the  zinc  column. 
It  is  e\'ident,  that  as  the  rod  lengthens  downwards  by  an  in- 
crease of  heat,  the  column  of  zinc  standing  on  the  nut,  perfectly 
free  of  the  steel  rod,  will  expand  upwards.  On  the  top  of  the 
column  of  zinc  is  fixed  a  metal  cap,  into  which  are  firmly  fixed 
two  steel  rods,  and  at  the  bottom  of  them  is  the  pendulum-bob, 
from  which  it  follows  that  the  bob  hangs  by  means  of  these 
two  rods  from  the  top  of  the  zinc  column,  and  quite  indepen- 
dent of  the  centre  rod.  The  zinc  column,  expanding  upwards 
by  an  increase  of  temperature, 
raises  the  pendulum-bob,  while 
at  the  same  time  the  rod 
lengthens  by  the  increase  of 
heat.  The  zinc  column  is  made 
shorter  than  the  steel  rod, 
because  zinc  expands  and  con- 
tracts more  than  steel,  for  equal 
increase  and  decrease  of  heat. 

When  this  clock  was  required 
to  be  set  to  within  a  fraction  of 
a  second,  it  was  found  that  if 
the  pendulum  were  stopped  by 
hand,  it  would  be  next  to  im- 
possible to  put  so  large  and 
heavy  a  mass — ^nearly  four  cwt. 
— ^in  motion  to  such  a  small  por- 
tion of  time.  Again,  the  difficulty 
of  setting  it  to  vibrate  in  the 
same  plane,  as  well  as  to  give 
the  usual  extent  of  arc  of  vibra- 
tion, rendered  it  impossible  to 


Fig.  36.— Pendulum. 


accomplish  the  regulation  to  the  required  nicety.    Mr.  Airy 
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at  once  suggested  an  ingenious  and  simple  mode  of  overcoming 
the  difficulty.    He  directed  that  the  clock  should  be  started  at 


Fig.  37.— The  Strasburg  Clock, 
a  very  small  losing  rate,  and  then  that  a  spring  shown  at  a  (fig. 
36),  should  be  brought  against  the  pendulum,  by  drawing  a  line 
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passing  into  the  clock  room,  so  that  it  might  be  made  to  touch 
the  pendulum  slightly,  and  cause  a  corresponding  gain  in  the 
clock.  This  it  does  to  the  minutest  fraction  of  a  second.  In 
fact,  it  affords  the  means  of  putting  the  beats  of  a  great  turret 
clock  and  a  comparing  chronometer  in  coincidence. 

The  regulation  of  the  pendulum  in  most  clocks  is  effected 
by  a  screw  at  the  bottom,  which  increases  or  diminishes  the 
distance  of  the  bob  from  the  point  of  suspension. 

The  most  remai-kable  piece  of  mechanism  worked  by  the 
movements  ,  of  a  clock  is  that  at  Strasburg.  The  dial-plate 
exhibits  a  celestial  globe,  with  the  motions  of  the  sun,  moon, 
earth,  and  planets,  the  phases  of  the  moon,  and  a  pei^petual 
almanac  on  which  the  day  of  the  month  is  pointed  out  by  a 
statue.  The  fii-st  quarter  of  the  hour  is  strack  by  a  child  with 
an  apple,  the  second  by  a  bo)'-  Avith  an  arrow,  the  third  by  a 
man  in  his  prime  with  a  staff,  and  the  last  quarter  by  an  old 
man  with  a  crutch.  The  hour  is  heralded  by  an  angel,  Who 
opens  a  door,  and  salutes  the  Virgin  Maiy;  another  angel 
turns  an  hour-glass  on  the  completion  of  the  hour.  A  golden 
cock  at  the  same  time  flaps  its  wings,  and  stretches  its  neck 
to  crow  (fig.  37). 

In  that  useful  companion  to  man,  a  watch,  the  weights  of  a 
Dutch  clock  are  substituted  by  a  spring.  This  spring,  acting 
in  aU  positions,  enables  the  little  instrument  to  perform  its 
duties  regularly,  in  whatever  Avay  it  may  be  hung,  laid,  or 
carried.  The  fusee  on  which  the  chain  is  wound  is  a  varied 
lever,  so  that,  as  the  action  of  the  main-spring  is  lessened  by 
unwinding,  it  acts  in  such  increa- 
sing proportion  that  a  constant 
quantity  of  power  is  in  existence. 
The  balance-wheel  is  the  representa- 
tive of  the  j)endulum ;  instead  of  the 
oscillation  produced  by  gravity  on 
the  pendulum,  the  watch  has  a 
delicate  spiral  spring  to  which  the 
balance-wheel  is  attached;  the 
elasticity  of  this  spring  is  such  that 
it  bends  and  unbends  with  uni- 
formity, and  equalises  the  motion 
of  the  balance-wheel. 

The  chronometer,  on  whose  dial  the  mariner  gazes  to  know 


Fig.  38. 
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his  position  on  the  ocean  (which  it  indicates  by  the  difference 
between  its  time  and  that  of  the  sun),  is  a  large  watch,  so 
carefully  constructed,  so  accurate  in  its  movements,  that  it  will 
rarely  vary  more  than  a  second  in  a  year :  were  its  truth  to 
deviate  a  few  seconds,  it  might  be  the  cause  of  death  to  those 
confiding  in  its  guidance.  The  chronometer,  however,  differs 
from  the  common  watch  in  the  balance-wheel  not  being  an 
entire  circle,  but  more  as  if  an  S  was  intended,  only  the  middle 
part,  connecting  the  top  and  bottom  segments  of  circles,  is  a 
straight  line ;  at  the  end  of  each  of  these  parts  of  the  circle  is 
placed  a  small  ball.  This  balance  is  composed  of  different 
metals  soldered  together,  to  prevent 
the  effects  of  heat  or  cold  on  it. 
There  are  other  contrivances  or  im- 
provements on  common  watches  in 
the  chronometers  which  it  would  be 
difficult  to  explain  (fig.  38). 

The  Time-ball  at  Greenwich  is 
hat  exact  monitor  by  which  our 
commercial  navy  on  the  Thames 
regulate  their  time-keepers.  At  five 
minutes  to  one  o'clock  every  day  the 
ball  is  hoisted  half-mast  high ;  it  is 
afterwards  drawn  to  the  top.  Exactly 
at  one  o'clock,  mean  time  at  Green- 
wich, it  descends.  Thus,  by  watching 
it  two  or  three  days,  the  errors  of  a 
chronometer  are  easily  detected,  and 
the  mean  time  at  all  other  places 
ascertaiued  when  the  longitudes  are 
known.  The  accompanying  illustra- 
tion exhibits  a  section  of  the  fii-st, 
second,  and  third  floors,  in  which  the 
apparatus  is  placed,  which  may  be  said 
to  consist  of  a  hoist  for  raising  the 
bail,  a  trigger  and  discharging  gear 
for  its  liberation,  and  a  clock  regu- 
lated by  observation,  for  giving  the 
required  moment  of  time :  a  a  (fig.  Fig-  39.— Time-ball. 
39)  is  the  supporting  shaft  bearing  the  ball  on  its  top  and 
terminating  below  at  6  in  a  piston,  which  works  in  an  air- 
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cylinder  d,  by  which  the  too  sudden  descent  of  the  ball  is  pre- 
vented ;  m,  m,  r,  s  is  a  combination  of  rods  and  levers  connected 
with  the  discharging  trigger. 

In  the  second  floor  is  a  windlass,  having  a  chain  passing 
over  a  pulley,  by  which  the  ball  is  raised  to  the  top  of  the 
pole.  On  the  fii'st  floor  is  the  discharging  trigger,  which  is 
let  go  the  moment  it  is  one  o'clock ;  as  the  ball  is  some  seconds 
in  falling,  the  first  movement  of  it  downward  is  the  exact 
time. 

Time-balls  have  lately  been  fixed  on  the  top  of  the  Electric 
Telegraph  Offices  in  "West  Strand  and  Cornhill,  London,  both 
of  which  fall  simultaneously  with  that  at  Greenwich.  The 
plan  adopted,  both  for  dropping  the  ball  and  for  the  transmis- 
sion of  signals,  is  automatic,  the  galvanic  circuit  being 
completed  by  certain  pins  or  studs  affixed  to  the  train  of 
wheels  of  Mr.  Shepherd's  electro-magnetic  clock  at  Greenwich. 
Some  of  these  wheels  carry  one  or  more  pins,  according  to  the 
signals  required.  At  one  o'clock  the  circuit  is  completed,  and 
an  electro-magnet,  placed  near  the  discharging-rod  of  the  ball 
apparatus,  at  this  instant  becomes  a  powerful  magnet,  and 
draws  towards  itself  a  piece  of  iron,  which,  till  this  time, 
supports  the  lever  or  trigger  of  the  discharging-rod,  and  thus 
relieves  the  supporting-shaft  with  the  ball  at  its  top.  In  the 
new  method  the  spring  at  the  trigger  is  replaced  by  a  piece  of 
iron,  and  the  observer,  seen  in  the  first  floor  of  the  cut,  is 
replaced  by  an  electro-magnet,  which  unerringly  discharges 
the  trigger,  and  causes  the  hour  of  one  o'clock  to  be  annoimced 
by  the  descent  of  the  balls.  In  a  similar  manner  this  clock 
transmits  signals  twice  a  day  to  several  railway  stations. 

The  universality  of  the  railway  system  throughout  the  length 
and  breadth  of  the  land,  has  rendered  it  a  necessity  to  be 
guided  in  all  parts  of  the  kingdom  by  the  same  time,  other- 
wise serious  accidents  might  continually  occur  from  collision 
of  trains.  Therefore  Greenwich  time,  as  announced  by  the 
time-balls,  is  that  which  now  regulates  the  clocks  of  all  the 
railways  in  Great  Britain. 

The  Rotation  of  the  Earth,  as  proved  by  the  Pendulum. 

Suppose  a  pendulum  to  hang  from  the  point  of  suspension, 
in  such  a  manner  that  it  is  free  to  vibrate  in  any  direction :  a 
certain  vibration  being  now  given  to  it,  it  will  have  a  natural 
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tendency  to  vibrate  in  exactly  the  same  direction  incessantly. 
This  deijcnds  on  the  law,  that  a  certain  motion  once  communi- 
cated, tends  to  continue  for  ever.  To  word  it  scientifically, 
the  plane  o  f  vibration  of  the  pendulum  is  invariable.  It  may 
be  regarded  as  a  line  in  space.  Suppose  at  night  the  vibration 
poiQts  on  one  side  towards  the  pole-star,  on  the  other  towards 
a  star  in  the  south,  it  will  continue  to  vibrate  in  the  same  direc- 
tion, whatever  the  motion  of  the  earth  may  be.  As  the  earth 
rotates  on  its  axis  in  the  twenty -four  hours,  it  is  apparent  that 
any  Une  (or  body)  on  its  surface  must  change  its  relation  con- 
tinually to  a  fixed  line  in  space — in  fact,  rotate  round  it.  At 
the  Pole  this  rotation  would  be  complete  in  twenty-four  hours, 
at  oui"  latitude  it  occupies  a  longer  time.  The  experiment  by 
which  is  thus  rendered  visible  the  diurnal  rotation  of  our  planet 
was  first  performed  by  M.  Foucault  of  Paris,  in  the  cellar  of  his 
mother's  house.  It  has  since  been  repeated  by  Arago  and 
other  French  philosophers,  and  by  many  in  England.  M. 
Foucault,  in  order  to  demonstrate  it  more  publicly,  applied  the 
dome  of  the  Pantheon  to  the  object.  To  its  centre  a  fine  wire 
was  attached,  from  which  a  sphere  of  metal,  4  to  5  inches  in 


Fig.  40. — Rotation  of  the  Earth  proved  by  the  Pendulum, 
diameter,  was  suspended,  so  that  it  nearly  touched  the  floor  of 
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the  building.  Under  it,  and  also  in  the  centre,  was  placed  a 
circular  frame  and  table,  as  shown  in  fig.  40,  the  circum- 
ference being  divided  into  degrees  and  minutes. 

Care  must  be  taken,  in  such  an  experiment,  to  avoid  inter- 
ference with  the  result  by  torsion  of  the  vsdre.  Some  kind 
of  ball-and-socket  arrangement  is  needed  at  the  point  of 
suspension.  At  the  Pantheon  the  table  performed  a  complete 
revolution  round  the  line  of  vibration  of  the  pendulum  in  about 
30  houi's  40  minutes.  At  Dublin  it  is  stated  to  have  taken  28 
hours  26  minutes.  But  the  difficulty  of  an  accurate  observation 
is  very  great.  However,  the  principle  is  obvious,  and  the  de- 
monstration comi)lete.  In  an  experiment  on  a  large  scale,  the 
practised  eye,  aided  by  a  proper  optical  instrument,  may 
actually  see  the  motion  which  the  table,  in  common  with  the 
earth,  has  under  the  pendulum  between  two  successive  vibra- 
tions ;  for  the  ball,  the  second  time,  does  not  return  to 
precisely  the  same  point.  And  thus  we  can  see  the  earth  move 
round. 


Fig.  41. 

CHAPTER  III. 
MECHANICS. 

The  science  of  mechanics  enables  man  to  husband  his  strength 
in  the  production  of  motion.  For  this  purpose  he  resorts  to  the 
aid  of  appliances  called  mechanical  powers  or  simple  machines. 
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A  simple  machine  is  an  instrument  by  which  weights  can  be 
raised,  the  resistance  of  heavy  bodies  overcome,  and  motion 
commimicated  to  masses  of  matter.  It  is  by  the  application 
o{  simple  machims,  or  mechanical  powers,  that  man  accomplishes 
many  useful  undertakings,  that,  without  such  contrivances, 
would  be  beyond  his  natural  strength. 

Complex  machines  may  be  traced  to  peculiar  arrangements 
of  simple  mechanical  powers.  The  natiu'al  forces  or  powers  at 
the  command  of  man  for  producing  motion  are  few,  being 
principally  the  strength  of  men  and  horses,  rimning  water, 
steam,  fire,  and  wind. 

It  is  the  ability  to  regulate,  accumulate,  and  divide  the  speed 
of  such  powers,  and  to  connect,  oppose,  and  counterbalance 
their  different  velocities,  that  constitutes  the  value  of  the 
mechanical  forces  to  man.  Machines  do  not  beget  or  increase 
force,  they  only  apply  that  which  has  been  commimicated  to 
them  in  an  advantageous  easy  manner. 

The  power  applied  must  be  greater  than  the  resistance, 
otherwise  there  would  be  no  motion. 

Time  is  exchanged  for  poiver ;  or,  as  it  is  sometimes  ex- 
pressed, "  what  we  gain  in  power  we  lose  in  time."  This  is 
the  golden  rule  of  mechanics.  Thus  if  a  person  could  raise 
50  pounds  to  a  certain  height  in  one  minute,  and  by  the  help 
of  machinery  he  raises  500  lbs.  to  the  same  height,  it  will  be 
found  that  the  time  occupied  in  lifting  up  the  500  lbs.  would 
be  ten  minutes :  thus  the  tenfold  increased  power  has  to  have 
a  tenfold  increased  time,  or  the  work  of  ten  minutes  could 
have  been  accomplished  in  ten  different  efforts  in  the  same 
time. 

The  primary  mechanical  powers  are  the  Lever,  the  PuUe%j 
and  the  Inclined  Plane.    The  Wheel  and  Axle  are  derived  from 
the  lever ;  the  Wedge  and  Screiv  from  the  incHned  plane. 

The  Lever. 

Of  all  the  mechanical  powers  the  lever  is  the  most  simple' 
It  is  formed  of  any  strong  substance,  in  the  shape  of  a  beam 
or  rod,  which  rests  on  a  prop  or  axis  called  a  fulcrum,  which 
is  its  centre  of  motion.  There  are  three  kinds  of  levers.  The 
following  is  an  exemplification  of  the  Jirst. 

In  this  diagram,  b  (fig.  42)  is  the  lever,  a  the  fulcrum,  c  the 
weight.  By  pressing  down  at  the  end  b,  the  other  end  of  the  lever 
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raises  the  weight ;  the  centre  of  motion  is  at  a,  the  fulcrum. 
In  other  words,  the  power 
or  force  resting  on  the  P*^ 
prop  or  fulcrum   over-  I 
comes  the  weight  or  re- 
sistance.   It  is  the  pro-     -  ^ 
party  of  the  lever  that 
the  power  increases  in  "^S-  42- 

direct  proportion  with  the  length  of  the  long  limb.  Thus  if 
the  lever  be  under  the  centre  of  gravity  of  the  weight,  and 
the  length  of  the  lever  fit'om  the  fulcrum  be  twice  as  long  as 
the  other  part,  a  man  can  raise  the  weight  one  inch  for  every 
two  inches  he  depresses  the  end  of  the  lever.  If  the  end  of 
the  lever  be  four  times  the  length  of  the  part  from  the  fulcrum 
to  the  centre  of  gravity  of  the  weight,  then  the  power  of  raising 
the  weight  is  increased  four  times ;  but  the  space  that  the  b 
end  of  the  lever  will  pass  through  is  four  times  greater. 

It  wiU  thus  be  perceived,  that  if  a  weight  of  one  stone  moves 
through  a  space  of  ten  feet,  we  may  raise  a  weight  of  ten  stone 
through  a  space  of  one  foot ;  or  a  weight  of  ten  stone  moving 
through  a  space  of  one  foot  will  make  a  weight  of  one  stone 
move  through  a  space  of  ten  feet. 

If  a  man  can  raise  the  weight  at  the  end  of  the  lever, 
and  then  the  lever  be  made  twice  as  long,  a  boy  of  half  the 
man's  strength  can  raise  it.  Thus  it  is  that  "  the  force  of  the 
lever  increases  in  proportion  as  the  distance  of  the  power  from 
the  fulcrum  increases,  and  diminishes  in  proportion  as  the 
distance  of  the  weight  from  the  fulcrum  increases."  It  was 
from  this  general  law  that  Archimedes  exclaimed,  "  Give  me 
a  lever  long  enough,  and  a  prop  strong  enough,  and  with  my 
own  weight  I  will  move  the  world."  This  was  true ;  but  so 
immense  is  the  arc  of  a  circle  his  lever  would  have  to  describe, 
that  even  if  moved  at  the  rate  of  10,000  feet  an  hour,  for 
about  eight  hours  a  day,  it  would  have  taken  him  nearly  nine 
bilions  of  centuries  to  raise  the  earth  an  inch. 

Should  it  be  desired  to  know  what  power  will  balance  a 
certain  weight  at  the  short  end  of  the  lever,  it  is  done  by 
multiplying  the  weight  by  the  length  of  lever  from  it  to  the 
fulcrum,  and  then  dividing  the  result  by  the  other  length  of 
lever,  and  the  result  is  the  power  required:  thus  if  100  lbs. 
be  on  one  end  of  a  lever  12  inches  from  the  fulcnim, 
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100x12=1200;  then  suppose  the  long  end  of  the  lever  be 
2-i  inches,  1200-^24=50  lbs.,  the  power  required. 

In  moving  barrels  and  very  large  weights,  as  on  board  ships, 
a  Jiand-spiTce  is  the  lever  found  best  adapted  to  the  purposes 
required.  Carpenters,  masons,  and  others  who  have  to  move 
bulky  masses  of  matter  short  distances,  adopt  the  crowbar, 
which  also  is  a  lever  made  of  iron,  having  a  claw  at  one  end. 

A  hammer  has  usually  a  claw  for  drawing  out  nails  ;  in  this 
the  power  seems  great,  for  the  nail  wUl  draw  an  immense 
weight  attached  to  it ;  yet  because  we  move  the  hand  through 
several  inches  while  the  nail  moves  only  a  very  short  way,  we 
can  draw  it  out  in  accordance  with  the  law  given  above. 

The  fire-poker  is  a  lever,  having  the  bar  of  the  grate  for  a 
fulcrum. 

The  simple  lever  has  sometimes  two  arms ;  it  is  then  called  a 
double  lever.  Scissors,  shears,  nippers, pincers,  forceps,  snuffers, 
are  of  this  kind,  having  the  rivet  as  a  fulcrum  for  both. 

The  scale-beam  used  in  weighing  is  a  simple  lever.  The 
arms  (fig.  43)  on  each  side  are 
made  of  equal  length,  and  sus- 
pended over  the  centre  of  gravity. 
The  axis  or  pivot,  which  is  the 
point  of  suspension,  is  sharpened 
to  a  very  thin  edge,  sometimes 
equal  to  that  of  a  razor,  that 
the  beam  may  easily  tm-n  with 
as  httle  friction  as  possible  when 
weights  are  applied  in  the  scales. 
Should  the  anns  not  be  of 
equal  length,  then  the  scales 
cannot  act  justly,  unless  the 
weights  used  are  altered ;  for  if 
one  were  half  an  inch  longer 
than  another  in  an  arm  of  eight 
inches  in  length,  the  customer 
would  lose  an  ounce  in  every  poimd  of  the  common  weights. 

But  sometimes,  instead  of  the  weighing-beara  an  instrument 
is  used,  called  a  steel-yard  (fig.  44),  which  is  a  lever  with  arms 
of  imcqual  length.  The  lever  is  suspended  from  a  hook,  which 
is  the  fulcrum  or  pivot,  and  from  which  the  steel-yard  must 
truly  balance ;  this  is  its  centre  of  gravity.    Here  one  pound 
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Fig.  44. 


weight  will  weigh  any  number  of  pounds  that  the  yard  is  long 
enough  to  raise,  and 
the  exact  weight  may 
be  measured  by  the 
distance  that  the  small 
sliding  weight  has  to 
be  removed  from  the 
fulcrum  in  order  to 
balance  it. 

The  second  Icind  of  lever  is  that  where  the  fulcrum  is  at 
one  end,  the  power  at  the  other,  and  the  weight  in  the  middle. 

Thus,  if  a  mason  desires  to  move  forward  a  large  piece  of 
stone,  instead  of  bearing  dovm 
upon  the  lever  to  raise  it  up  a 
little,  he  sticks  his  crowbar  into 
the  groiuid,  and  pushing  upward, 
moves  the  stone  Httle  by  little 
onward,  the  groixnd  being  the 
fulcrum. 

A  wheel-barrow  aifords  another 
example :  in  using  it,  a  point  in 
the  wheel  of  the  baiTOw  pressing 
on  the  ground  is  the  fulcrum  ;  the 
load  is  the  weight,  and  the  handles  held  by  the  man  the  power ; 
as  the  person  shortens  or  lengthens  his  hold  on  the  handles,  so 
does  he  move  the  centre  of  gravity  to  the  wheel  or  himself. 

If  two  men  cany  a  load  slung  from  a  pole  resting  on  their 
shoulders,  and  the  load  be  in  the  middle  between  them,  they 
have  an  equal  share  of  the  weight ;  but  in  proportion  as  it  is 
more  towards  one  than  the  other,  so  is  the  extra  amount  of 
weight  to  the  one  nearest  to  it.  The  men  are  tlie  fulcra  in 
this  case  ;  they  act  in  that  capacity  the  one  to  another,  while 
each  is  also  a  moving  power.  Should  the  pole  be  eight  feet 
long,  and  the  weight  200  lbs.,  each  man  will  bear  100  lbs. 
weight.  Suppose  that  a  man  and  a  boy  are  set  to  cany  this 
weight,  and  the  man,  from  the  boy's  inability  to  carry  his 
equal  share,  out  of  humanity  places  the  weight  four  times  as 
far  from  the  boy, — that  is,  about  6  ft.  4  in.  distance,  and  only 
1  ft.  8  in.  from  himself, — then  the  boy  -nail  only  have  about 
50  lbs.  weight,  while  the  man  will  have  150  lbs.  to  bear. 

The  common  operation  of  opening  a  door  or  a  box,  is  an 
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illustration  of  tliis  lever ;  the  hinges  are  the  fulcra  or  centres 
of  motion,  the  door  or  lid  the  resistance  or  weight,  and  the 
hand  the  moving  power.  The  linger  is  painfully  nipped  when 
caught  near  the  hinge,  from  that  part  being  near  the  fulci'um, 
acted  upon  by  a  lever  passing  through  a  larger  space.  Every 
one  has  experienced,  that  on  opening  a  door  or  gate  when  near 
to  the  hinge,  the  force  required  is  considerable,  having  little 
space  to  pass  through ;  whereas  near  to  the  latch  the  task  is 
easy,  though  the  space  is  increased. 

The  oar  of  a  boat  is  also  a  lever  of  this  kind ;  the  water 
being  the  fulcrum,  the  person  who  rows  the  power,  and  the 
boat  the  resistance  or  weight. 

The  masts  of  a  ship  act  as  levers,  having  the  cargo  and 
vessel  as  the  resistance,  the  bottom  of  the  vessel  as  the  fulcrum, 
and  the  sails  holding  the  wind  as  the  moving  power.  Thus  we 
see  in  smiiggling-vessels  and  yachts,  where  the  masts  seem 
enormously  high  for  the  size  of  the  vessel,  that  they  lean  over 
when  in  full  sail,  by  pressure  on  the  levers,  in  a  perilous  manner. 

Nut- crackers,  lemon-squeezers,  &c.  are  also  illustrations  of 
this  kind  of  lever.  The  two  legs  are  joined  by  a  hinge,  which 
is  the  fulcrum ;  the  article  placed  between  is  the  resistance ; 
;md  the  hand  is  the  power. 

Many  are  the  industrial  purposes  to  which  this 
form  of  the  lever  is  ap- 
phed.  The  common  cork- 
squeezer  of  druggists  is  a 

familiar  example  (fig.  46) ; 

ffisthe  fulcrum, cthepower 

applied  to  the  cork  b. 
The  third  description  of 

lever  is  that  in  which  the  fulcrum  is 

at  one  end,  the  weight  at  the  other, 

and  the  power  placed  between  them. 

It  has  been  called  the  losing  lever, 

because  the  power  had  to  be  greater 

than  the  weight.  The  domestic  im- 
plements sugar-tongs,  have  two  long 

levers  ^vith.  a' small  motion  near  the 

pivot,  near  which  the  power  is  applied : 

thus  they  open  ^vddcly  to  grasp  a  piece 

of  Kugar,  and  have  a  weak  power  at  the  ends  (fig.  47). 

F 


Fig.  46. 


Fig.  47. 
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The  mechanical  power  of  the  muscles  of  man,  acting  on  tlie 
bones  as  levers,  gives  us  many  beautiful  examples  of  Icrers. 
The  power  is  veiy  great  in  proportion  to  the  resistance,  but 
the  muscular  attachment  being  near  the  joints  or  fulcra,  gives 
a  high  degree  of  velocity  to  the  other  end  of  the  lever,  gene- 
rating great  momentum.  In  the  human  body  sometimes  the 
fulcrum  is  between  the  power  and  resistance,  as  the  elbow 
is  between  the  muscles  of  the  shoulder  and  the  hand  with  the 
weight;  in  other  places  the  resistance  is  intermediate,  and 
the  fulcrum  at  the  end,  as  with  the  hinge  of  the  lower  jaw ; 
and  in  parts  the  fulcrum  is  at  the  end  and  the  power  inter- 
mediate, as  the  weight  of  the  arm  has  its  fulcrum  in  the 
shoulder-bone,  and  the  power  is  in  the  muscle  covering  and 
proceeding  from  the  shoulder. 

Compound  levers  are  ai'rangements  of  simple  levers  by  which 
less  space  is  required  and  power  is  gained,  thus ;  Suppose 
throe  pieces  of  iron  1 2  inches  long,  having  their  fulcra  placed 
o  inches  fi'om  the  ends  of  each,  we  may  calculate  how  much  1 
stone  (14  lbs.)  moving  power  placed  at  the  end  of  the  fii-st  will 
balance  at  the  end  of  the  last :  9  inches  to  the  fulcrum  of  the 
first  lever  multiplied  by  1  stone  give  9,  this  divided  by  3  for 
the  3  inches  at  the  other  side  of  the  fulcrum,  gives  3  stone  as 
the  balance  at  its  end.  3  stone,  then,  is  the  power  at  the 
commencement  of  the  second  lever,  which  must  be  multiplied 
by  its  9  inches,  giving  as  a  result  27 ;  this  divided  by  the  3 
inches  at  the  other  side  of  its  fulcrum  makes  9  stone  as  the 
power  at  the  beginning  of  the  thii-d  lever,  which  multiplied  by- 
its  9  inches  results  in  81,  which  divided  by  the  three  inches  at 
the  end,  the  total  weight  of  the  block  at  the  other  end  is  found 
to  be  27  stone. 

It  is  by  this  land  of  combination  that  at  railway-stations 
luggage  is  weighed;  and  at  entrances  to  towns  where  toUs  are 
paid  according  to  weight,  carts  and  waggons  are  drawn  on  to 
tables,  and  their  heaviness  known.  By  lengthening  the  arms 
on  one  side  of  tlie  fulcrum  and  shortening  them  on  the  other, 
the  force  is  greatly  increased. 

Bent  levers. — Theseare  often  used  for  their  aptitudetopeculi 
circumstances,  and  act  obhquely,  consequently  with  less  effect. 

The  Wheel  and  Axle. 
The  wheel  and  axle  (fig.  48)  consist  of  the  lever  applied  in 
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modified  form,  by  which  great  mechanical  advantage  is  gained, 
as  ■vvill  be  veiy  apparent  upon  examination.  The  wheel  is  a 
series  of  levers,  the  spokes,  being  each  one  fixed  on  the  axle. 


Fig.  49. 


If  the  axle  be  elongated,  and  the  resistance  to  be  overcome  be 
placed  upon  this  elongation,  we  have  the  windlass.  In  this 
the  weight  w  (fig.  49)  corresponds  to  the  force  applied  at  a,  in 
an  inverse  ratio  to  the  length  of  the  arms  of  the  leter  a.  For 
example,  if  the  radius  a  d  of  the  wheel  is  fom-  times  greater 
than  the  radius  of  the  axle  h  c,  we  equipoi.se  a  weight  by  a 
force  one-foiu-th  of  its  power.  If  the  stone  w  weighs  400  lbs., 
a  force  equal  to  100  lbs.  applied  at  a  will  sustain  it  in  equi- 
librium. 

The  larger  the  wheel  and  the  smaller  the  axle,  the  more 
powerful  is  the  machine,  but  the  greater  time  is  taken  in 
raising  the  weight. 

In  the  common  method  of  drawing  water  from  a  well,  the 
handle  is  made  to  describe  a  large  cii'cle,  and  thus  performs 
the  part  of  the  wheel  described,  while  the  axle  receives  the 
rope  with  the  weight. 

The  windlass  used  on  board  of  ships  for  raising  the  heavy 
anchors,  and  the  capstan,  are  wheels  and  axles,  the  latter 
being  upright.  The  head  or  di'um  has  holes  iu  it,  in  M'hich  are 
placed  level's,  or,  as  called,  capstan-bars,  against  which  the  men 
pu.sh.  They  may  be  likened  to  the  spokes  of  a  v/ heel  made  move- 
able ;  the  wheel  describing  a  large  circle.  If  a  capstan-bar  be 
six  times  as  long  as  from  the  edge  to  the  centre  of  the  part  on 
which  the  rope  is  coiled,  and  six  men  are  at  six  bars,  they  will 
raise  thirty- six  times  as  much  weight  as  one  man  could  do  by 
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his  unassisted  strength.  Capstans  are  used  to  open  and  shut 
dock  and  canal  gates,  drawbridges,  (fee. 

The  Pinion. — If  two  wheels  of  the  same  size  be  notched  or 
teethed  so  as  to  fit  into  each  other,  they  revolve  in  the  same 
time,  and  a  weight  would  be  raised  by  the  axle  of  one  as  soon 
as  the  other.  Where  different  velocities  are  required,  and 
machines  are  to  be  of  compact  formation,  then  a  combination 
of  wheels  is  made  by  introducing  what  is  called  a  pinion. 

In  fig.  50  let  6  represent  a  wheel  and  ^  the  axle  of  another. 
It  wiU  be  seen  that  the  teeth  placed 
round  the  edge  of  the  one  wheel  work 
in  the  teeth  placed  round  the  axle  of  the 
other;  but  as  the  wheel  is  much  the 
larger,  it  must  consequently  go  round 
much  slower  than  the  axle  or  pinion - 
wheel.  The  teeth  on  the  axle  are 
termed  leaves. 

The  mode  of  calculating  the  power 
gained  is  to  divide  the  number  of  teeth 
in  the  wheel  by  the  number  of  leaves  in  the  pinion ;  thus  if 
the  latter  has  12  and  the  former  144,  then  144-^12=12,  the 
power  or  velocity  gained. 

In  lathes,  spinning-wheels,  printing-machines,  &c.,  wheels 
without  teeth  are  made  to  act  upon  each  other  by  means  of 


Fig.  50. 


Fig.  51. 


cords,  straps,  or  bands ;  this  is  not  to  add  to  the  power,  but  is 
useful  in  the  regulation  of  a  quick  or  slow  motion.  Thus  in 
fig.  51  the  wheel  c  drives  a  by  the  belt  b. 
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Tlie  Pulley. 

This,  in  its  simplest  form,  is  a  grooved  wlieel,  turning  on  its 
axis,  and  -with  a  cord  or  rope  playing  round  the  circumference. 
At  fii'st  sight  it  closely  resembles  the  last  power,  the  wheel 
and  axle ;  but  in  the  wheel  the  force  has  been  shown  to  be 
simple  leverage,  the  ends  of  the  lever  being  the  ends  of  the 
spoke  of  the  wheel.  In  the  pulley  both  the  force  and  the 
resistance  act  in  the  direction  of  tangents  to  opposite  sides  of 
the  circle. 

K  fixed  pulley,  fig.  52,  with  two  equal  weights  at  the  ends 
of  the  rope  passing  over  it,  gives  no  mechanical 
advantage,  for  the  weights  balan(ie ;  and  when 
moved,  they  rise  or  fall  through  an  equal  space  in 
the  same  time.  The  service  to  which  it  is  applied 
is  merely  to  change  the  direction  of  the  power, 
and  enables  a  man  to  stand  on  one  spot  and  raise 
a  weight  which  he  might  otherwise  have  to  carry 
up  a  ladder.  Another  use  is  that  of  enabling 
several  men  to  join  their  strength  at  one  time  in 
raising  a  considerable  weight. 

This  pulley  forms  one  of  the  most  valuable  assistants  to  the 
sailor,  and  by  its  means  fewer  men  are  requii'ed  to  do  the 
necessary  work  of  the  ship.  Now,  if  we  fasten  one 
end  of  our  cord  to  a  beam  a  (fig.  53),  and  pass  it 
imder  the  groove  in  a  moveable  pulley  a  to  which 
the  weight  we  desire  to  raise  is  attached,  and 
then  carry  it  over  the  fixed  pulley  h,  we  may 
lift  a  weight  of  one  hundred  pounds,  by  the 
application  of  a  force  equal  to  fifty  pounds.  To 
imderstand  this,  we  must  remember  that  the 
weight  is  supported  equally  by  the  beam  and 
the  power  applied  at  d ;  but  the  string  at  d 
must  move  through  two  inches  to  raise  the 
weight  at  a  through  one  inch.  Pulleys  are 
usually  compounded  into  a  system  containing  " 
two  or  more  single  pulleys,  called  blocks,  and 
these  frequently  again  combined  in  a  compoimd 
system  of  fixed  and  moveable  blocks,  as  s 
represented  in  the  accompanying  cut. 


Fig.  52. 


Fig.  53. 


If  the  line  from  the  fixed  point  is  traced,  it  wiU  bo  seen  to 
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Fig.  54. 


nin  under  the  moveable  pulley  a  (fig.  54),  over  the  fixed  pulley 
h,  under  c,  over  cl,  then  under  the  larger  moveable 
pulley  e,  and  passing  over  the  fixed  pulley/,  it 
hangs  loosely  at  p.  Here  we  have  six  lines  to 
support  the  weight  b,  and  eveiy  hne  acting  with 
a  force  equal  to  one-sixth  of  the  weight ;  that  is, 
if  the  weight  is  120  pounds,  each  line  supports 
twenty  pounds  of  it,  and  therefore  twenty  pounds 
hung  iitp  would  equipoise  the  weight  b,  Supposing 
a  man  exerting  a  power  of  three  himdred  pounds, 
pulling  at  a  string  over  a  fixed  pulley,  as  fig.  52, 
could  raise  a  mass  of  stone,  six  feet  high,  in  a 
minute;  a  child,  exerting  a  poAver  of  only  fifty 
poimds  upon  the  compound  pulley,  fig.  54,  would 
raise  it  to  the  same  height,  but  he  would  require 
six  minutes  to  perform  the  task.  It  cannot  be  too 
forcibly  impressed  upon  students,  that,  in  all  me- 
chanical arrangements,  whenever  we  gain  power 
we  lose  time ; — the  neglect  or  ignorance  of  this 
fact  has  fi-equently  led  to  great  waste  of  both  valuable  time 
and  hard-earned  money.  No  power  can  he  produced  without 
an  expenditure  of  force ;  and  as  ive  multiply  the  meatis  of 
applying  that  force,  we  regularly  diminish  the  rapidity  of  its 
action.  The  dreams  of  producing  perpetual  motion  have  arisen 
from  neglecting  these  never-varying  laws ; — it  amounts  to  a 
positive  impossibility  that  we  can  ever  obtain  a  self-moving, 
self-supporting  power. 

The  Inclined  Plane,  one  of  the  primary  mechanical  powers, 
is  of  use  to  man  in  many 
of  his  daily  occupations. 
If  upon  the  plane  c  d  (fig. 
55),  forming  an  angle  a;,  we 
place  a  weight  a,  the  centre 
of  gravity  of  the  body  is  no 
longer  at  right  angles  to 
the  plane,  biit  along  the 
line  y  z,  and  consequently 
it  has  not  to  support  the 
full  pressure  of  the  weight. 
In  lifting  a  body  vertically  ^^g- 
from  the  earth,  we  have  to  overcome  the  full  force  of  gravity, 
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acting  dii-ectly  on  it ;  but  by  rolling  it  up  an  inclined  plane 
we  are  relieved  from  a  large  proiDortion  of  this  force,  and  thus 
ai'e  enabled  to  move  great  weights  to  a  considerable  height 
with  comparative  facility. 

The  inclined  plane  is  of  constant  practical  application.  If 
a  man  were  to  project  a  road  over  the  summit  of  a  mountain, 
beyond  the  force  necessary  to  overcome  the  fiiction  in  draAving 
a  licavj  load  up  this  steep  incline,  he  must  add  additional  force 
to  overcome  the  gravity  acting  parallel  with  the  inclined  plane 
of  the  road,  which  rapidly  increases  with  its  steepness,  and 
consequently  an  immense  expenditure  of  power  is  necessary  to 
draw  heavy  loads  up  such  an  ascent.  A  well-informed  man 
would  see  the  advantage  of  making  the  road  wind  around  the 
hill,  by  which  he  woidd  be  able  to  move,  -with  comparative 
ease,  heavier  bodies  to  the  same  elevation. 

The  Screw  is  an  inclined  plane  winding  round  a  cylinder,  as 
will  be  apparent  if  we  take  a  rectangular  piece  of  paper,  whose 
length  is  equal  to  the  circumference  of  a  glass  rod,  and  wind 
it  aroimd  in  such  a  manner  that  the  horizontal  side  of  the  paper 
shall  form  the  peripheiy,  a  h  (fig.  56),  of  the  base  of  the 


Fig.  .50.  Fig.  57. 

cylinder,  the  hypothenuse,  as  the  line  a  c  is  termed,  will  wind 
around  it  in  a  uniformly  ascending  line,  which  line  marks  what 
is  called  the  thread  of  the  screw.  If  a  triangle  is  continued 
along  the  thread  of  tlie  screw,  we  have  a  triangular  thread,  a 
(fig.  57).  If  a  pai'allelogram  is  continued  in  a  similar  manner 
around  the  cylinder,  we  produce  a  flat-threaded  screw,  b.  It 
need  scarcely  be  explained  that  by  this  simple  form  alone  little 
mechanical  advantage  is  gained.  If  we  force  a  screw  into  a 
piece  of  wood,  we  shall  find,  upon  removing  it,  that  we  have  cut 
a  hollow  spiral,  exactly  fitting  the  projecting  threads.  Such  is 
the  arrangement  necessary  when  we  employ  the  screw  to  lift 
heavy  weights,  or  to  press  forcibly  upon  any  body  (fig.  5S). 
In  either  case  it  will  be  found  upon  examination  that  we  have 
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indeed  one  inclined  plane  moving  upon  another,  but,  in  order 
to  avail  ourselves  of  the  advantages  of  the  screw,  we  employ 
the  additional  power  of  the  lever. 


Fig.  58. 


Fig.  60. 


When  two  inclined  planes  are  placed  with  their  bases  to- 
gether, we  have  a  triangular  prism  called  a  wedge,  which  is 
sometimes  employed  to  lift  enormous  weights  to  small  eleva- 
tions. The  largest  ships  in  the  British  navy  are  thus  lifted, 
preparatory  to  launching,  by  driving  a  great  nimiber  of  wedges 
at  the  same  time  under  their  keels  ;  but  this  simple  mechanical 
power  is  more  commonly  employed  for  cleaving  wood.  The 
power  of  the  wedge  increases  as  its  width  or  back  diminishes. 
A  very  important  application  of  the  wedge,  or  rather  of  a 
combination  of  wedges,  has  been  made  by  Mr.  R.  W.  Pox,  in 
blasting  rocks.  A  round  j)iece  of  wood  is  divided,  as  shown, 
fig.  59,  into  three  parts,  a,  h,  c  (fig.  60) :  the  largest  wedge,  h,  is  to 
be  placed  upon  the  powder  in  the  hole  of  the  rock,  and  the  two 
others,  a,  c,  are  di'opped  into  their  places ;  a  small  hole  runs 
through  them  to  convey  the  fuse  to  the  bottom,  which  being 
lighted,  commimicates  the  fire,  and  by  the  lateral  force  of  the 
explosion,  a  larger  quantity  of  rock  is  rended  than  by  any 
other  process. 

More  power  is  gained  by  striking  the  head  of  the  wedge 
with  a  hammer,  either  small  or  large,  than  by  pressure,  as  the 
momentum  of  the  blow  seems  to  shake  the  particles  of  matter 
and  cause  them  to  separate.    A  thin  wedge  requires  less  power 
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to  move  it  forward  than  a  thick  one,  less  resistance  being 
offered,  as  in  the  case  of  an  inclined  plane.  The  power  of  the 
wedge  cannot  be  easily  estimated,  as  the  force,  number  of 
blows,  and  incline  have  aU  to  be  taken  into  account.  In 
splitting  wood,  the  sides  of  the  opening  act  as  levers,  and  thus 
rend  the  parts  in  advance  of  the  point  of  the  wedge. 

The  heads  of  hammers  are  fastened  on  by  wedges  driven  in 
at  the  part  of  the  handles  near  the  heads. 

Nails,  knives,  awls,  needles,  swords,  razors,  hatchets,  chisels, 
and  other  similar  instraments  are,  in  theii'  operations,  on  the 
principle  of  wedges.  A  saw  is  a  series  of  wedges,  which  act 
by  di-awing  them  along  and  pressing  them  on  the  object  to  be 
cut.  "When  the  edge  of  a  razor  is  examined  by  a  microscope, 
it  is  seen  to  be  a  saw  in  formation,  which  by  being  drawn 
along  the  beard,  enters  the  hair,  and  thus  cuts  it  off.  A  scythe 
acts  in  the  same  manner  on  gi'ass.  The  saw-nature  of  fine 
edges  may  be  illustrated  by  pressing  the  thumb  against  a  sharp 
penknife ;  the  skin  is  not  cut,  but  the  sHghtest  movement  of 
the  edge  across  the  skin  immediately  cuts  it. 

Mechanism  of  the  Human  Frame. 

By  examining  minutely  the  structure  of  many  insects,  we 
discover  formations  for  the  purpose  of  fulfilling  the  destiny  of 
their  peculiar  conditions ;  they  are  provided  with  saws,  rasps, 
gimlets,  needles,  lancets,  spades,  hooks,  hinges,  awls,  tweezers, 
pincers,  and  other  tools,  from  which  man  may  profitably  learn 
the  best  construction  of  such  implements. 

In  that  most  admirable  of  mechanisms,  the  human  frame, 
we  have  surprising  examples  of  economy  of  material,  combining 
lightness,  force,  firmness,  elasticity,  leverage,  hinges,  joints, 
sockets,  motion,  resistance,  security  and  grace,  so  that  its 
description  becomes  an  appropriate  section  in  illustrating  the 
principles  of  Natural  Philosophy.  In  comparing  the  ingenious 
contrivances  of  talented  engineers  with  the  perfection  of  the 
framework  of  organized  beings,  we  cannot  but  mark  with 
reverential  awe  the  vast  distinction  between  the  works  of  man 
and  the  works  of  God. 

The  loftiest  portion  of  the  solid  human  frame  is  technically 
called  the  cranium,  a  word  derived  from  the  Greek,  signifying 
a  helmet,  known  as  the  slcull.    The  form  of  this  part  is  that  of 
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an  arch,  the  best  to  give  strength,  whilst  the  tenacity  of  its 
material  is  so  great  as  to  resist  shocks  in  all  directions. 

When  the  li%'ing  principle  early  acts  in  the  gci-m  of  the 
future  human  form,  the  covering  of  the  brain  is  but  a  flexible 


Parietal,  or  nnll- 
bone- 

Temporal.or  teiiiple- 

Splicnoiil,  or  wcdBe- 
oone. 

Cervical  vertebra;,  or 
iK'cU-boiies. 

CI  iviclu,  or  collar- 
bone. 


Humerus,  or  tirm- 
bone. 


Elbow-Joint. 


RaJius,  or  circular 
bone  of  fore-arm. 

Ulna,  or  larite  bone 
of  the  fore-arm. 


CarpuB,    or  band- 
bones. 

Phalanges,   or  fin- 
Ker«. 

Femur,    or  tliiuh- 
bone. 


Patella,    or  knee- 
bone. 


Tibia,  or  shin-bone. 


Frontal    bone,  or 
forehead. 

Maxillary,  or  upper 

juw-bom-. 
Lower  maxUlarj',  or 

jaw-bone. 


Scapula,  or  blade- 
bone. 

St(?rnum,  or  breast- 
bone. 

True  ribs. 

False  ribs. 


Lumbar  vertebra;,  or 
spine,  [bone. 

Ilium,   or  hauneh- 

Sncrum,  or  rump- 
bone. 

Head  of  femur,  or 
thigh-bone. 

Ischium,  or  seat- 
bone,  bein^  one  of 
tlie  bones  on 
which  we  sit. 


End  of  thigh-bone. 


Fibula,    or  small 
bone  of  the  leg. 


Astragalus.or  ankle- 
bone. 

Tarsus,  orfoot-bone, 

Mctatarsu8,or  small 
bones  of  foot. 

Phalanges,  or  toes. 


Extremity  of  tibia. 


Calcium, 
boue. 


heel. 


Fig.  61. 

tenacious  substance,  which  progressively  developes  the  bony 
substance,  like  the  delicate  icy  crystallization  on  water,  until  the 
whole  becomes  so  many  scales  bound  together  by  a  membrane. 
The  edges  overlie  each  other,  and  the  whole  is  soft  and  ehistic 
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in  early  infancy ;  gradually,  as  years  apijroach  to  teens,  the 
bone  hardens,  and  processes  form  for  dovetailing  it  neatly  and 
compactly  together,  which  seams  or  joinings  are  called  sutures. 
During  the  thoughtlessness  and  mishaps  of  youth,  these  joinings 
are  not  perfected ;  and  thus  when  an  unlucky  blow  is  received 
from  a  fall  or  otherwise,  its  effects  are  dispersed  at  the  edges 
of  the  sutiu-es,  and  the  vibrations  being  checked,  the  injiiry 
is  comparatively  small.  As  matmity  creeps  on,  these  minute 
but  strong  dovetailings  become  thoroughly  and  firmly  united 
together,  and  the  whole  a  hard  case  of  bone. 

On  looking  at  the  matui-e  skull,  it  presents  to  our  view,  first, 
the  frontal  or  bones  of  the  forehead ;  these  continue  backward 
to  the  sutures,  which  may  be  felt  on  the  crown  and  sides  of 
the  rounding  of  the  head.  From  this,  and  comprising  the 
principal  part  of  the  sides,  top,  and  back  of  the  head,  are  the 
parietal  or  wall-bones.  Below  the  last-named  is  the  occipital 
or  back  of  the  head-bone ;  in  it  is  the  hole  through  which 
passes  the  continuation  of  the  brain  into  the  spinal  bone.  The 
spheyioid  or  wedge-bones  He  behind  the  orbits  of  the  eyes,  and 
touch  the  frontal  and  temporal  or  temple-bones ;  the  latter 
contain  and  protect  the  organs  of  hearing,  and  overlie  the  ■ 
parietal  bone,  being  joined  to  it  by  what  is  termed  a  squamous 
or  scaly  suture. 

The  bone  of  the  skull  consists  of  two  tables  or  layers,  the 
one  external,  the  other  internal,  separated  by  a  spongy  sub- 
stance, resembling  in  fonn  the  cells  of  a  marrow-bone,  unequally 
spread,  and  called  the  diploe ;  this  and  the  outer  covering,  the 
scalp  and  the  hair,  by  their  elasticity,  aid  in  lessening  the 
effects  of  a  blow. 

The  outer  dovetailed  table  is  fibrous  and  tough,  thus  admi- 
rably suited  to  resist  violence,  to  which  its  position  exposes  it ; 
while  the  inner  table,  called  tabula  vitrea,  or  the  glassy  table, 
against  which  the  dehcate  brain  is  in  contact,  is  smooth,  dense, 
and  brittle :  this  latter  quahty  would  render  the  little  projec- 
tions in  dovetailing  easily  broken  asunder ;  therefore  with  that 
wondi-ous  adaptation  to  every  circumstance,  the  edges  of  the 
joinings  are  laid  in  contact.  In  the  operations  of  man,  tough 
wood  is  dovetailed,  but  the  edges  of  china  or  glass  that  have 
to  be  in  contact  are  merely  laid  close  together. 

When  a  man  receives  a  severe  injury  on  the  head,  it  may 
cause  such  a  vibration  throughout  the  brain  as  to  deprive  him 
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of  sense  or  motion  ;  and  a  severe  partial  blow  usually  fractures 
and  indents  the  part  struck.  A  blow  with  a  shai-p  insti-ument 
may  cut  into  the  brain  itself,  and  not  render  the  person 
insensible ;  while  a  blow  with  less  force,  but  received  from  a 
broader  surface,  being  resisted  by  the  arched  form  of  the  head, 
usually  cracks  the  bone  at  an  opposite  part  to  that  struck. 
This  bears  a  similitude  to  the  piers  of  a  bridge  being  cracked 
and  thrust  out  Avhen  not  strong  enough  to  resist  the  weight 
upon  the  crown  of  the  arch.  The  utihty  and  power  of  the  arch 
in  the  erections  of  dwellings  for  societies  of  the  human  family 
seems  to  have  been  known  in  the  earliest  history  of  the  world. 
In  the  eggs  of  birds,  and  various  seeds  of  vegetation,  nature 
protects  the  nucleus  of  future  life  with  a  limy  or  flinty  arched 
encasement.  The  brain  of  man,  the  seat  of  glorious  mind, 
which  directs  us  in  our  duties  as  to  the  present  and  future 
life,  is  carefully  protected  throughout  existence  in  the  hard, 
bony,  arched  case  we  have  just  described. 

The  lower  jaw  has  a  hinge-joint  that  permits  of  two  motions, 
the  greatest  iDcing  in  a  perpendicular  direction,  for  the  purpose 
of  allowing  the  mouth  to  open  and  shut,  and  the  other  in  a 
less  degree  to  move  from  side  to  side.  Thus  it  has  a  combina- 
tion of  the  action  of  the  jaws  of  a  tiger,  which  is  a  simple 
hinge-joint,  similar  to  that  of  a  pair  of  pincers,  and  a  lessened 
lateral  motion  as  that  of  sheep ;  one  action  being  for  the  pur- 
pose of  cutting,  the  other  for  giinding.  The  voluntary  muscles 
of  the  human  body  are  composed  of  a  number  of  nearly  parallel 
fleshy  bundles,  enclosed  in  a  fine  covering;  these  bundles 
consist  of  roimd  hollow  fibres,  the  diameter  of  each  fibre  being 
about  the  400th  part  of  an  inch,  containing  a  glutinous  fluid, 
and  threads  about  the  15,000th  of  an  inch  in  diameter.  A 
muscle  when  contracted  is  not  less  in  size,  but  broader  than 
when  extended ;  in  the  voluntaiy  muscles,  the  elasticity  they 
possess  is  what  renders  them  of  such  value  in  the  functions  of 
the  human  body.  The  temporal  and  masseter  muscles,  that 
move  the  lower  jaw,  are  short  and  strong ;  and  as  they  act  at 
right  angles  to  the  hue  of  the  jaw,  their  mechanical  advantage, 
or  lever  power,  is  greater  than  those  in  many  other  parts  of 
the  body.  This  gives  great  strength  in  biting  hard  substances, 
and  power  to  crack  the  sheUs  of  nuts  with  the  back  teeth ;  as 
in  the  hinge  part  of  a  door. 

The  first  teeth  are  small,  to  adapt  them  to  the  size  of  the 
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mouth ;  these  falling  out,  are  replaced  by  others,  suitable  to 
the  enlargement  of  the  frame ;  and  finally,  in  maturity,  the 
teeth  of  "  A\isdom  "  complete  the  set.  Some  are  formed  hke 
wedges  and  chisels,  to  cut  and  divide  substances,  others  for 
tearing  and  grinding.  Thus  we  have  an  approximation  to  the 
poiuted,  jagged,  and  sharp  teeth  of  the  tiger,  and  the  cutting 
and  broad  rough  teeth  of  the  sheep.  The  beautiful  hard 
enamel  by  which  the  teeth  of  animals  are  covered,  causes  un- 
civilized nations  to  use  them  in  various  purposes  of  rude  manu- 
facture, while  in  our  own  country  the  tooth  of  a  dog  was 
formerly  used  as  a  polishing  tool  by  bookbinders. 


Fig,  62. — A  magnifiecl  view  of  Tooth  structure. 


I.  Longitudinal  section  of  part  of  a  superior  canine  tootli,  exhibiting 
general  arrangement,  contoui-  markings;  slightly  magnified.  2  and  3, 
portions  of  same,  highly  magnified,  showing  the  relative  position  of  }ione- 
cells,  cementum.  2.  Dentme  fibres,  and  at  o,  the  commencement  of 
enamel.  4.  Dentine  fibres  decalcified  to  show  tubules,  o-  ISTasmyth's 
membrane  separated  and  the  calcareous  matter  dissolved  out  with  dilute 
acid.  6.  Cells  of  the  pulp  lying  between  it  and  the  ivory.  7.  A  trans- 
verse section  of  enamel,  showing  the  sheaths  of  fibres  with  their  contents 
removed  (magnified  300  diameters). 

Next  to  the  head  in  importance  to  the  functions  of  sensation, 
and  as  important  as  the  brain  itself  to  the  continuation  of  life, 
is  the  spinal  marrow.  In  the  grand  design  of  the  framework 
of  the  human  body,  not  only  is  thei'e  a  powerful  protection 
afforded  by  the  formation  of  the  spinal  bony  column  for  tlie 
nervous  matter  which  fills  its  cavity,  but  while  it  sustains  the 
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head,  and  bends  to  the  motions  of  the  body,  it  also  is  the 
connexion  of  the  higher  and  lower  parts  of  the  skeleton. 

Behind  the  bonos  that  keep  the  body  erect  a  spinal  process 
projects,  from  which  the  common  name  given  to  the  column  of 
sjphie  is  derived ;  the  separate  bones  of  which  it  consists  are 
called  vortebrte.  In  form  the  spine  resembles  an  italic  /,  the 
lower  end  tapering  off;  joining  this  root  part  it  ciu-ves  inwai'ds, 
and  the  bones  of  the  vertebrie  here  are  the  largest,  and,  some- 
what Hkc  the  stem  of  a  tree,  decrease  upwards.  Twenty-four 
distinct  bones  constitute  the  true  or  moveable  vertebrae.  The 
pai't  we  designated  the  root  is  composed  of  a  triangular-shaped 
bone  called  os  sacrum,  and  another  os  coccygis. 

The  bones  are  nearly  cylindi-ical,  vdth.  a  peiforation  behind 
for  the  spinal  marrow,  and  have  a  projecting  spinal  process ; 
as  well  as  two  other  processes  at  the  top  and  two  at  the  bottom 
of  each  vertebra.  The  first  five  large  vertebrae  are  called 
lumbar,  that  is,  pertaining  to  the  loins,  above  which  are  twelve 
called  the  dorsal  or  back  vertebraj,  to  which  are  attached  the 
ribs,  forming  mth  the  breast-bone  the  part  called  the  thorax ; 
the  seven  piled  on  the  last-named  are  called  cervical,  be- 
longing to  the  neck, — these  cuitc  first  in  a  forward  direction 
and  then  recede  in  the  upper  back  part  of  the  head,  giving  that 
graceful  form  so  admirable  in  the  neck ;  the  highest  but  one  of 
these,  from  a  remarkable  tootlilike  process  it  possesses,  is 
named  the  vertebra  dentata ;  and  the  topmost  one,  that  im- 
mediately su])ports  the  head,  the  atlas ;  and  justly  so,  as  it 
bears  upon  it  the  individual  world  the  mind  creates :  from  the 
ideas  that  form  the  links  of  the  mental  chain  organized  beings 
iiecognize  themselves  from  each  other ;  when  it  is  broken,  the 
li^-ing  mass  of  matter  is  in  that  pitiable  state  called  insanity  ; 
and  when  annihilated,  by  the  flight  of  the  imperishable  soul, 
there  is  the  darkness  and  vacuity  of  death. 

Having  piled  up  this  wonderful  column  from  the  foundation, 
let  us  now  see  how  inimitably  it  is  adapted  to  the  piu-posc  of 
its  design.  Beyond  that  of  protection  to  the  life-constituting 
cord  of  matter,  it  has  to  possess  elasticity,  to  prevent  any  jar 
upon  the  brain,  and  therefore  to  let  the  head  be  borne  w^th 
the  ease  of  a  carriage  upon  springs ;  it  has  to  be  flexible,  that 
the  body  may  move  in  aU  directions;  firm,  to  support  the 
upright  position  of  the  body,  a  fulcrum  to  the  muscles,  a  prop 
to  the  ribs ;  and  it  has  to  possess  sti-ength,  that  weights  may 
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be  borne  on  the  shoulders  and  back.  It  is  related  of  Tojjham 
that  he  lifted  by  his  shoulders  three  hogsheads  of  water, 
weighing  1836  lbs. ; — wonderful,  then,  is  the  mechanism  of 
this  cohunn ! 

Fii'st,  we  may  note  the  manner  of  the  head  being  placed  on 
the  spine.  There  are  two  prominences  at  that  part  of  the 
skull  called  the  occiput,  which  arc  received  into  two  correspond- 
ing canities  of  the  atlas ;  by  this  the  head  can  move  forward 
in  the  manner  we  do  when  we  nod,  but  the  atlas-bone  turns 
horizontally  round  the  tooth-like  process  of  the  next  bone,  the 
vertebra  dentata,  and  thus  the  head  moves  from  side  to  side  ; 
therefore  there  is  the  up-and-down  and  rotatoiy  motion  effected 
by  these  two  bones.  But  as  these  motions  are  limited  and 
man  requii-es  more,  the  flexibilitj'  of  the  spine  comes  to  ouv  as- 
sistance, and  thus  we  can  freely  move  the  head  in  any  direction. 
Now,  as  the  joint  of  the  head  and  the  spine  is  not  quite  in  the 
centre  of  the  bottom  of  the  skull,  the  head,  unsupported,  Avould 
drop  foi'n-ard ;  to  prevent  which  in  the  living  subject  there  is 
a  strong  Hgament  coming  from  the  cervical  vei-tebroe,  and 
fastened  to  the  bottom  part  of  the  skuU.  When  in  a  sitting 
position,  and  sleep  overcomes  iis,  the  muscles  relax  and  the 
head  drops  foi-ward. 

The  contrivance  to  give  elasticity  to  the  spine  consists  of  a 
soft,  firm,  elastic  substance,  about  half  as  bulky  as  the  vertebra 
itself,  that  is  inserted  between  each  vertebra;  this  in  some 
parts  is  thicker  before  than  behrad,  so  that  when'  we  stoop 
forward,  it  is  compressed,  and  the  siu'facos  of  the  bones  of  the 
vertebra  become  more  parallel  to  each  other  than  before,  and 
no  opening  between  takes  place ;  then,  when  the  pressure  is 
relieved,  the  elasticity,  like  a  spring,  sends  the  body  again  into 
an  erect  position ;  while  any  danger  that  might  arise  from  a 
shock  at  the  lower  part  is  removed  by  this  body  of  elastic 
substance,  which  prevents  the  hard  and  unyielding  bone,  or 
double  rings,  from  coming  in  contact. 

The  column  is  accurately  described  as  a  chain,  from  its  firm- 
ness and  flexibility.  The  number  of  the  joints  give  the  pliancy 
it  possesses,  which  is  greater  in  the  loins,  being  more  required 
in  that  part  than  in  the  back  where  firmness  is  necessaiy,  and 
greatest  of  all  in  the  neck,  on  which  has  to  move  that  part 
containing  the  organs  of  sight.  Then  to  ijrcserve  uninjured 
the  spinal  marrow,  and  yet  to  allow  of  free  movement  of  the 
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parts  containing  it,  the  processes  and  projections  of  the  verte- 
brae so  lock  in  with  and  overlap  each  other,  as  securely  to 
prevent  the  slightest  derangement  of  the  bones,  and  the  free 
unharmed  continuation  of  the  delicate  cord.  Though  we  m^y 
bend  the  back  to  a  great  extent  either  backward  or  forward, 
yet  its  many  hnks  prevent  any  part  from  being  overstrained. 
We  know  that  if  we  give  considerable  inclination  to  a  cane, 
that  although,  on  the  whole,  there  is  a  great  bend,  yet  each 
individual  part  is  only  bent  to  a  small  extent.  To  add  still 
further  to  the  compactness  of  the  elasticity,  a  ligamentous 
substance  joins  the  roots  of  the  spinous  processes  to  each  other. 
In  fact,  the  whole  is  really  stronger  than  if  a  solid  column  of 
bone  had  been  inserted,  so  perfect  and  far-seeing  is  the  design 
of  the  great  Architect  of  the  human  frame. 

The  contortionists  who  exhibit  their  feats  in  the  streets  and 
public  places  of  amusement,  rarely  injure  their  spines ;  and 
diseases  of  that  part  are  rare,  excepting  those  brought  on  by  a 
false  and  pernicious  system  of  education.  Xeepiug  the  body 
too  long  in  an  upright  position,  and  not  allowing  free  scope  to 
the  excess  of  animal  spirits  in  the  young,  is  frequently  the 
cause  of  spinal  distortion,  as  well  as  the  bandaging  of  the 
youthful  frames  of  females,  with  bars  or  splints  of  steel  and 
whalebone,  to  distort  them  from  the  comeliness  and  elegance  of 
nature's  outline,  is  distinctive  of  an  obliquity  of  intellect  and 
ignorance  of  beauty  that  is  ridiculous  and  culpable.  Pity  the 
Chinese  ladies,  indeed !  when  pains  are  taken  to  pervert  the 
beneficent  laws  ordained  by  an  unerring  Godhead,  to  render  a 
creatui'e  divinely  perfect  a  deformed  object  throughout  life — to 
entail  fi'ightfiil  diseases  by  inhuman  fashions — to  invite  an 
early  tomb  for  a  loved  and  loving  offspring.  Dr.  Arnott 
truly  remarks — "  It  would  be  disgusting  to  see  an  attempt 
made  to  improve  the  strength  and  shape  of  a  young  racehorse 
and  greyhound,  by  binding  light  splints  or  stays  round  its 
beautiful  yoiuig  body,  and  then  tying  it  up  in  a  stall ;  but  this 
is  the  kind  of  absiu'dity  and  cruelty  Avhich  has  been  so  com- 
monly practised  in  this  country  towards  what  may  well  be  called 
the  most  faultless  of  created  things." 

Forming  a  powerful  bony  elastic  exterior  to  a  hollow  interior 
is  accomplished  by  the  ribs  attached  to  the  spine.  The  ribs 
are  long,  curved,  flattened  narrow  bones  attached  at  the  back 
to  the  spine,  or  that  part  called  the  dorsal  vertebrre,  and  their 
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transverse  processes  being  joined  in  front  by  an  clastic  carti- 
lage affixed  to  the  sternum  or  breast-bone.  They  are  twelve 
in  number  ;  the  upper  seven  are  called  the  true  ribs,  and  the 
lower  five,  the  cartilages  of  -which  do  not  reach  the  sternum^ 
are  named  the  false  ribs.  Greater  security  to  these  bones 
is  ensured  from  their  not  being  straight,  but  hangrag  down- 
wards like  the  lower  part  of  the  sunshade  ladies  afiix  to  their 
bonnets ;  but  there  is  another  advantage :  in  the  action  of 
filling  the  lungs  with  air,  the  ribs  rise  up  and  enlarge  the 
space  for  the  reception  of  the  breath,  while  the  great  elasticity 
of  the  cartilage  aids  this  important  action,  and  also  gives  way 
to  any  sudden  blow.  This  coiild  not  be  so  well  effected,  if 
instead  of  the  cartilage  there  had  been  a  bony  joint.  In 
stooping  forward  or  on  either  side,  the  elastic  substance  readily 
yields,  and  recovers  itself  by  its  spring.  The  muscles,  which 
have  their  origin  on  the  ribs,  and  theii*  insertion  into  the  bones 
of  the  arm,  afford  us  an  example  of  action  and  reaction,  being 
equal  arid  contrary.  When  the  ribs  are  fixed,  these  muscles 
move  the  arm ;  and  when  the  arm  is  fixed,  by  resting  on 
a  chaii'  or  other  object,  they  move  the  ribs.  Tliis  is  seen 
in  fits  of  asthma  and  dyspnoea  (difficulty  or  shortness  of 
breathing).  As  age  advances,  the  cartilage  becomes  bony,  and 
hence  less  suitable  for  any  violent  exertion  of  the  respii'atory 
organs ;  this  should  lead  us  to  be  tender  of  those  who  have 
reached  "the  evening  of  Hfe;"  and  truly  are  men  philan- 
thropists, who  would  provide  ease  and  comfort,  after  a  certain 
age,  for  those  who  have,  improfitably  to  themselves,  spent  the 
energy  of  their  prime  of  life  in  labour. 

The  shoulder-joint,  which  enables  us  to  exert  great  strength, 
and  has  such  freedom  of  action,  is  formed  by  the  round  head 
of  the  shoidder-bone,  caUed  the  humerus ;  this  is  placed  in  a 
shallow  cup  of  the  blade-bone  or  scapula,  and  together  they  form 
a  baU-and-socket  joint ;  there  are  two  strong  bony  projections 
above  and  behind  that  keep  it  in  its  place,  and  the  ends  of  the 
bones  are  enclosed  by  a  thick  and  strong  membrane,  so  that 
dislocation  is  provided  against.  The  two  objects  of  strength 
and  extent  of  motion  are  thus  carefully  secured ;  and  to  add  to 
the  latter,  the  shoulder-blade  holding  the  round  head  of  the 
arm-bone  slides  about  upon  the  hollow  of  the  chest,  held,  how- 
ever, within  boimds  by  a  strong  Ugament  to  the  breast-bone. 

The  clavicle  or  collar-bone  is  of  a  slightly  arched  form, 
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and  has  attachments  to  the  breast-bone  and  blade-bone  in  a 
shallow  cavity.  It  is  of  great  strength,  but  from  its  situation 
liable  to  accidents.  On  it,  and  the  bed  of  muscles  near,  great 
burdens  are  supported  in  many  industrial  occupations. 

At  the  upper  and  back  part  of  the  chest  is  the  blade-hone ; 
this,  to  the  mechanist,  is  an  examj)lc  of  lightness  combined  with 
strength.  When  the  wheelwright  desires  to  give  the  best  form 
to  his  work,  he  makes  the  felly,  the  spokes,  and  the  nave 
strong,  and  bends  the  spokes  inward,  in  a  manner  termed 
dishing;  and  thus  is  the  blade-bone  constructed,  slightly 
arched,  with  its  principal  strength  at  the  edges  and  spines, 
and  otlier  parts  thin  and  light.  This  simple  and  incomparable 
mode  of  construction  is  found  generally  in  animals  possessed 
of  bony  frameworks. 

Joined  by  a  Ixinge-joint  at  the  elbow  is  the  arm-hone,  or 
humeiTis  to  the  ulna  or  fore-arm  hone  and  radius ;  motion 
here  is  only  a  backward  and  forward  one,  being  restrained  by 
strong  ligaments  from  any  lateral  motion ;  thus  it  is  a  mere 
hinge,  and  can  only  be  considered  as  a  lever,  as  the  muscles 
that  move  this  part  are  long,  very  much  slanted,  and  have  to 
act  near  to  the  fulcrum  or  centre  of  motion.  They  have  con- 
sequently to  be  vciy  strong.  In  fact,  it  is  calculated  that  the 
muscles  of  the  shoulder-joint,  when  lifting,  put  forth  a  force 
of  2000  lbs.  As,  however,  there  is  ever  wisdom  and  goodness 
in  the  works  of  Providence,  what  is  lost  in  leverage  power  of 
the  ai-m  is  gained  in  velocity ;  and  thus  by  rapidity  of  action 
we  make  up  for  the  sacrifice  of  power.  How  lost  should  we 
be,  were  the  muscles  different,  fonned  for  giving  only  immense 
.strength,  and  accompanied  with  slowness  of  movement !  We 
then  coxild  not  so  speedily  protect  ourselves  by  raising  the  hand 
and  arm,  and  from  many  of  our  present  enjoyments  we  should 
be  debarred. 

The  wrist  and  hand  is  divided  by  anatomists,  first,  into  four 
bones;  these,  with  the  arm-bone,  called  the  radius,form  the  joint: 
the  first  four  bones  are  joined  to  other  four,  and  these  eight 
bones  constitute  the  wrist ;  fi'om  this  part  proceed  five  bones, 
which  may  be  felt  at  the  back  of  the  hand ;  joined  to  these  are 
the  three  bones  in  succession  of  each  finger,  and  the  two  form- 
ing the  thumb.  The  turning  round  of  the  hand  and  wrist  is 
effected  by  the  radius-bone  of  the  ann  revolving  round  the 
ulna-bone,  and  of  course  the  hand  with  it,  -without  the  wrist- 
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joint  moving.  [It  is  obvious  that  this  important  bone  derives 
its  name  from  its  power  of  motion  in  radii,  or  circles.]  Not 
only  do  we  gain  flexibility  and  power  by  having  a  number 
of  small  bones  in  the  hand  and  wrist,  but  also  numerous 
shocks  to  which  it  is  subject  are  deadened  before  reaching  the 
higher  parts  of  the  arm.  At  the  wrist- joint  a  strong  ligament 
passes  aroimd  it,  by  which  the  tendons  that  proceed  from 
the  arms  for  the  movement  of  the  fingers  are  bound  together ; 
were  this  not  the  case,  we  should  have  a  hand  about  as  shape- 
less as  a  hoof,  and  not  much  more  useful ;  whereas  we  now 
not  only  have  grace  and  beauty  by  this  arrangement,  but  also 
strength  with  combined  motion,  and  delicacy  in  partial  motion^ 
as  of  the  fingers  alone,  instead  of  weakness.  The  mechanism 
of  the  hand  is  one  worthy  of  careful  study  and  deep  reflection, 
being  one  of  the  principal  sources  of  man's  pre-eminence  in 
creation,  and  aided  by  reason,  displays  in  distinct  characters 
the  marvellousness  of  the  works  of  the  Divine  mechanic. 

As  observed  in  a  previous  chapter,  the  nearer  a  weight  is  to 
the  fulcrum,  the  greater  the  amount  that  can  be  borne ;  from 
experience  we  know  we  can  sustain  a  weight  on  the  arm  near 
the  joint,  that  we  could  not 
hold  in  the  hand  of  the  out- 
stretched arm. 

In  the  annexed  diagram, 
a  (fig.  63)  is  the  fulcrum  or 
point  of  resistance,  e  is  the 
weight  pressing  downwards, 
and  at  6  is  the  muscle  that 
draws  upward.  Now  if  a 
two-pound  weight  be  placed  Fig.  63. 

one  inch  from  the  fulcriim  of  the  joint  and  then  moved  to  the 
centre  of  the  hand,  and  say  the  distance  it  is  removed  is  fifteen 
inches,  then  to  find  the  force  with  which  the  weight  will  press 
downwards,  the  distance  must  be  multiplied  by  the  weight. 
In  this  example,  the  force  that  will  press  downwards  will  be 
equal  to  thirty  pounds. 

To  support  the  spinal  column  and  unite  the  two  columns  of 
locomotion,  the_  legs,  there  is  a  broad,  light,  hollowed  bone 
called  the  pelvis.  The  two  haiinch  or  hip-bones  are  large, 
and  when  no  strength  can  be  gained  by  its  presence  the 
bony  substance  is  omitted.  They  present  a  broad  surface,  and 
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are  so  placed  as  to  form  an  inverted  arch ;  a  form  combining 
the  greatest  strength  with  economy  of  material.  The  hollow 
receives  the  lower  part  of  the  abdominal  viscera.  To  the 
upper  edge  of  the  pelvis  is  fii'mly  joined  that  part  of  the  spinal 
column  named  the  sacrum.  Powerful  muscles  are  attached  to 
the  bone,  the  lower  portion  of  wluch,  forming  two  large  pro- 
jections, support  the  body  when  in  a  sitting  position.  The 
bones  are  connected  by  cai'tilaginous  surfaces  and  large  liga- 
ments so  strongly,  that  the  whole  must  be  destroyed  before 
any  one  part  will  yield. 

The  hip-joint  is  an  admirable  adaptation  of  the  baU-and- 
aocket  joint  :  a  large  rounded  head-part  of  the  thigh-bone  fits 
into  a  deep  cup  of  the  haunch,  and  is  prevented  fi'om  slipping 
out  by  a  strong  and  deep  cavity.  From  the  bottom  of  the  cup 
and  around  the  edges,  cartilages  and  hgaments  aiise,  which  give 
security  to  the  joint,  and  resist  any  force  likely  to  displace  the 
bone,  while  at  the  same  time  it  allows  a  fi'ee  motion  to  the 
foot,  and  ample  range  to  the  various  actions  of  the  leg. 

In  the  thigh-bone  the  rounded  head  stands  otf  from  the 
shaft,  but  the  projection  is  so  placed  that  the  strength  and 
weight  are  thrown  upon  the  shaft.  The  thigh-bone  bends 
forward  in  an  arched  manner,  and  has  knobs,  to  which  are 
attached  the  powerful  muscles  of  the  leg ;  over  the  fore-part  of 
the  bone  the  action  of  the  muscles  is  great,  and  the  curve  of 
the  bone  consequently  gives  a  strength  which  it  would  not 
have  had,  had  the  bone  been  straight. 

The  hiee-joint  is  composed  of  three  bones,  cui'ious  in  their 
arrangement,  at  the  same  time  perfect  for  the  purposes  in- 
tended ;  the  termination  at  this  part  of  the  thigh-bone  appears 
of  a  rounded  form,  resting  on  a  shallow  cup ;  it  implies  no 
strength,  from  the  manner  in  which  it  is  placed.  To  make  up 
for  this  there  are  two  sti'ong  lateral  ligaments,  and  a  ligament- 
ous rope  within  the  cavity  of  the  joint.  It  is  a  singular  pro- 
perty of  the  ligaments  on  the  inside  of  the  knees,  that  they 
become  stronger  the  greater  the  strain  upon  them.  The 
duties  thrown  upon  the  ligaments  here  increase  the  great  elas- 
ticity of  the  limb  so  often  called  into  use  in  violent  quick 
exercise,  and  is  another  of  those  arrangements  which  are  so 
inimitably  suited  to  give  advantage  to  man's  position  in  the 
ecale  of  organized  beings. 

The  large  muscles  of  the  front  of  the  thigh  are  attached  to 
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the  leg  below  the  knee,  and  in  their  passage  have  to  pass  over 
the  part  where  the  joint  of  the  knee  exists.  Before  they 
arrive  there  they  are  contracted  into  a  tendon,  and  become 
inserted  into  the  bony  structure  in  front  of  the  joint ;  this 
bone,  called  the  patella  or  knee-pan,  is  a  valuable  protection 
to  the  joint.  By  this  arrangement  a  mechanical  advantage 
is  gained,  the  centre  of  motion  being  increased  in  distance 
from  the  pulling  power. 

The  bones  of  the  lerj  much  resemble  those  of  the  arm :  the 
largest  is  called  the  tibia,  leg,  or  pipe ;  and  the  smaller  the 
fibula,  or  brace ;  they  are  angular,  as  a  preservation  from  in- 
juries, and  affording  a  considerable  surface  for  the  attachments 
of  the  varioiis  muscles.  A  large  flat  portion  of  the  tibia  is 
covered  only  by  skin,  and  is  named  the  shin. 

Between  the  two  bones  of  the  log  just  named,  which  project 
at  each  side  to  form  the  anlde,  is  received  the  great  articula- 
ting bone  of  the  foot  caUed  the  astragalus ;  when  the  foot  is 
raised,  "this  joint  is  fixed,  and  as  the  body  comes  down,  the 
support  is  thus  firm  and  steady  to  bear  its  weight.  The  tendons 
are  bound  down  by  a  ligament  passing  over  them,  as  at  the 
wrist ;  were  it  not  the  case,  the  foot  woidd  more  resemble  in 
shape  that  of  an  elephant's,  and  although  the  tendon  would 
have  greater  power  to  di-aw  up  the  toe  on  which  it  acts,  yet  its 
rapidity  of  movement  would  be  lost.  One  of  the  tendons  passes 
along  a  groove  under  the  bony  projection  of  the  inner  ankle, 
exactly  as  we  place  ropes  over  a  pulley. 

In  the  foot  there  are  thirty-six  bones;  of  these,  seven  com- 
prise the  tarsus,  or  part  that  reaches  from  the  heel  to  the 
middle  of  the  foot.  The  heel,  by  projecting  backwards,  forms  a 
powerful  lever,  on  which  the  muscles  of  the  back  of  the  leg, 
terminating  in  the  Achilles  tendon,  act  by  Hfting  up  the  body 
and  throwing  its  weight  on  the  toes.  When  the  muscles  of 
the  calf  are  naturally  small,  as  in  the  black  race,  the  length 
of  the  lever  of  the  heel  is  increased,  and  thus  a  provision  to 
make  up  the  other  deficiency.  Next  to  the  tarsus  are  five 
bones  placed  parallel  to  each  other,  called  the  metatarsus,  from 
which  proceed  the  three  bones  of  each  toe ;  the  great  toe  has 
only  two.  As  the  foot  comes  to  the  ground,  the  heel  touches 
first,  next  the  baUs  of  the  toes,  then  it  rests  on  a  beautiful 
arch ;  the  surfaces  of  the  bones  are  protected  by  a  layer  of  carti- 
lage placed  between  each,  and  they  are  lubricated  with  an  oUy 
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fluid :  thus,  in  consequence  of  the  number  of  joints  and  the  na- 
ture of  the  surfaces,  the  whole  is  rendered  completely  elastic  and 
fitting  for  the  various  shocks  in  walking,  running,  and  leap- 
ing; for  what  can  we  conceive  permitting  of  a  more  easy- 
springing  carriage  than  that  of  an  elastic  arch  ?  If  a  small 
arch  was  buUt  up  of  wedges  having  pieces  of  india-rubber  placed 
between  each,  it  Avould  resemble  the  mechanism  of  the  foot. 

In  walking,  we  sway  a  little  to  one  side,  then  to  the  other,  as 
the  weight  of  the  body  is  moved  from  one  foot  to  the  other ; 
but  were  the  leg  inelastic,  as  when  a  wooden  one  has  to  supply 
the  place  of  a  natural  one,  the  lower  part  would  have  to  be 
advanced  in  a  kind  of  half-cu'cle ;  from  a  slight  bend  of  the 
knee,  and  the  contraction  and  lengthening  of  the  muscles,  the 
leg  is  moved  straight  forward,  and  thus  the  body  more  easily 
and  steadily  progresses. 

Even  this  ciu'sory  and  popular  glance  at  the  mechanical 
arrangement  of  the  framework  of  the  human  body  must  strike 
all  with  gratitude  and  lead  us  to  see  Ave  are  "  fearfully  and 
wonderfully  made;"  still  there  are  other  points  worthy  of  at- 
tention, which  have  not  yet  been  noticed. 

A  teacher  of  medicine  in  the  sixteenth  century  was  accused 
of  promxilgating  doctrines  contrary  to  a  belief  in  the  existence 
of  a  God,  and  sentenced  to  death ;  he  repudiated  the  charge, 
dnd  picking  up  a  straw,  said,  "  If  there  Avas  nothing  else  in 
natiu'e  to  teach  me  the  existence  of  a  Deity,  even  this  straw 
would  be  sufficient."  This  beautiful  and  simply  expressed 
truth  did  not  perhaps  strike  his  bhnded  bigoted  judges  in  the 
manner  it  ought  to  have  done ;  let  us  put  aside  many  other 
important  particulars,  and  merely  examine  the  mechanical 
construction  of  a  straw.  It  is  Avell  known  that  if  a  beam  resting 
on  each  end  bends  in  the  centre,  the  atoms  of  matter  in  the 
outer  part  of  the  curve  are  slightly  separated  and  only  held 
together  by  the  general  tenacity  of  the  substance,  and  that  the 
atoms  of  matter  in  the  inside  of  the  curve  are  driven  closer 
together,  while  the  atoms  of  matter  in  the  centre  of  the  beam, 
called  scientifically  the  neutral  axis,  lie  truly  neutral,  and  may 
be  removed  without  much  damaging  the  strength  of  the  beam. 
This  shows  us  that  a  hollow  piece  of  wood  Avould  be  about 
as  strong  as  a  sohd  piece,  and  is  one  argument  in  favour  of  a 
sti-aw  beiug  made  in  this  manner.  But  if  the  material  com- 
posing the  stalk  of  corn  were  formed  into  a  solid,  it  is  palpable 
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to  the  commonest  understanding,  that  it  would  not  have 
strength  enough  to  support  the  weighty  head  as  it  does  so 
gracefully  and  securely.  On  this  point  it  has  been  proved  by 
Tredgold,  that  when  the  inner  half- diameter  of  a  hoUow 
cyUnder  is  to  the  outer  as  seven  to  ten,  it  possesses  twice  the 
strength  of  a  solid  one  of  the  same  weight ;  arising  from  the  sub- 
stance being  further  from  the  centre,  and  therefore  resisting 
with  a  longer  lever.  This,  then,  is  conclusive  of  the  wisdom 
of  a  hollow  form  given  to  the  straw ;  and  from  such  reason- 
ing originated  the  valuable  improvement  of  hollow  tubular 
bridges,  resulting  in  the  majestic  structure  across  the  Menai 
Straits.  Another  advantage  which  is  important  is  the  light- 
ness of  the  taU  column  of  straw  and  the  economy  of  material, 
whilst  its  height  allows  it  elasticaUy  to  bend  to  the  passing 
breeze  without  breaking ;  each  part  but  gently  feels  the  power 
before  which  it  has  to  bow,  and  consequently  it  rises  again  un- 
injured. Besides  these  circumstances  mentioned,  the  corn- 
stalk is  formed  with  an  outer  surface  of  a  hard  material  com- 
paratively with  that  of  the  inside,  and  in  many  vegetable  stems 
their  forms  are  ridged,  angular,  and  fluted.  In  describing  the 
straw  we  have  been  generally  describing  the  structure  of  the 
bone  of  the  human  frame ;  in  one  particular  it  differs,  that  is, 
as  to  rotundity ;  it  possesses  a  hard  outside  in  many  places, 
more  especially  in  the  teeth  and  spine ;  the  humerus  has  ridges 
to  give  strength,  and  it  is  tiibular ;  the  whole  exemplifies  light- 
ness and  economy  of  material,  as  does  the  straw.  The  hollow  of 
the  bones  is  occupied  with  fine  membranous  cells,  not  commu- 
nicating with  each  other,  but  filled  with  an  oily  substance  called 
marrow.  In  some  of  the  extremities  of  the  bones  which  are 
expanded  to  increase  the  extent  of  surface  about  the  j  oints,  there 
is  a  thin  compact  substance  that  looks  hke  a  land  of  honey- 
comb, as  we  see  in  the  broken  bones  of  animals  placed  on 
our  table  as  food.  In  the  oblique  part  of  the  thigh-bone  these 
are  found  to  converge  to  a  point  in  the  shaft,  as  if  supporting 
the  parts  projecting  from  the  centre  of  gravity.  Hard  as  is  the 
surface  of  a  bone,  it  is  penetrated  by  minute  vessels  which 
convey  nourishment  to  make  up  for  waste  of  substance  and  to 
renew  its  living  material ;  for  the  law  of  nature  is,  that  during 
our  passage  from  the  cradle  to  the  grave  every  atom  of  us  shaU 
be  continually  changing.  These  bony  cells,  called  cancelU,  exist 
in  the  broad  flat  bones ;  their  outer  surfaces,  named  plates  or 
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tables,  being  strong  and  hard.  The  tough  elastic  substance 
cartilage  acts  as  a  pad,  defends  the  bones  against  friction, 
fills  up  irregularities,  giving  a  smooth  gliding  surface  of  a  milk- 
white  pearly  colour,  always  where  firmness,  pliancy,  and  flexi- 
bility are  needed  in  the  body ;  in  the  spine  and  foot  these  quali- 
ties so  neutralize  the  efli'ect  of  concussions,  that  neither  the  brain 
nor  spinal  column  sufiers  as  they  woidd  if  they  were  absent. 
The  weight  of  the  upper  part  of  the  body  on  the  cartilages  of 
the  spine  during  the  day  compresses  them,  so  that  a  person  is 
taller  on  rising  in  the  morning  than  on  lying  down  at  night. 
This  compression  has  been  found  to  be  in  some  instances  as 
much  as  an  inch.  The  joints  are  tied  together  by  strong  un- 
yielding cords  called  ligaments,  which  have  a  tenacity  hardly 
to  be  found  in  any  other  substance.  These  hold  the  bones  in 
their  places,  and  restrict  their  motion.  The  cartilaginous  sur- 
faces of  the  joints,  to  aid  case  of  motion  and  obviate  friction, 
are  lubricated  with  an  oily  fluid,  vulgarly  known  as  joint- oil, 
which  is  secreted  and  confined  to  those  parts  by  a  very  delicate 
membrane,  called  the  synovial  membrane. 

Bundles  of  minute  fibres  are  joined  together  and  form  a 
muscle ;  their  cohesion  is  maintained  by  ^ntal  power :  thus  a 
powerfid  living  muscle  is  Aveak  and  easily  torn  when  dead.  Ac- 
cording to  the  intended  action  of  particular  joints,  so  are  muscles 
placed  to  aid  them  by  their  mechanical  power.  The  contrac- 
tion of  a  muscle  is  towards  its  centre ;  hence  it  is  so  placed  and 
shaped  as  best  to  contribute  to  this  mechanical  purpose ;  in 
some  instances  there  is  an  increase  of  tendons  to  a  muscle,  in 
others  an  increase  of  muscle  to  a  tendon.  One  of  the  muscles 
of  the  eye-ball  is  a  perfect  pulley,  and  moves  the  eye  in  a  di- 
rection contrary  to  that  in  which  the  force  is  applied.  In  fact, 
the  whole  of  the  muscular  system  is  a  beautiful  adaptation  of 
power  to  the  purposes  of  life. 

The  size  of  the  muscles  depends  much  upon  their  exercise ; 
thus  the  am  of  the  anchor-smith  is  thick  and  powerful  from 
being  brought  into  constant  and  violent  action ;  the  leg  of  the 
ploughman  is  a  mere  straight  shank  from  his  restraining  the 
action  of  the  muscles  by  thick  unbendable  laced  boots ;  thus 
the  bluff  brawny-shouldered  man  has  calfless  legs,  and  is 
said  to  be  spindle-shanked.    The  opera-dancer,  who  practises 

the  poetry  of  motion,"  has  weU-developed  muscles  from 
incessant  exercise  of  the  feet  and  legs. 


mechanism:  of  the  hitman  frame. 
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The  strength,  of  muscles  by  exercise  is  exemplified  in  the 
person  of  every  one  in  reference  to  the  arms,  as  from  the  habit 
of  using  more  constantly  the  right  hand  the  right  arm  is  much 
stronger  than  the  left.  So  negligent  have  society  generally 
become,  and  so  pernicious  their  fashions  and  systems  of  educa- 
tion, that  diseases  arise  from-  the  inaction  and  pressure  on  this 
grand  contrivance  of  leverage  for  motion.  All  exercise  should 
be  moderate,  gradual,  and  rcgailar,  like  the  training  of  a  race- 
horse, but  not  excessive.  When  a  prize-fighter  trains,  he 
partakes  moderately  of  everything,  eats  underdone  beef-steaks 
with  an  allowance  of  bread,  and  thus  raises  the  power  of  his 
muscles  to  the  utmost  pitch  for  the  occasion;  but  were  he 
to  continue  this  system,  disease  with  its  accompanying  pro- 
stration would  ensue.  Dr.  Arnott  observes,  "  As  animal 
power  is  exhausted  exactly  in  proportion  to  the  intensity  of 
force  exerted,  there  may  often  be  a  great  saving  of  it  by  doing 
work  quickly,  although  with  a  little  more  exertion  during  the 
time.  -Suppose  two  men  of  equal  weight  to  ascend  the  same 
stair,  one  of  whom  takes  only  a  minute  to  reach  the  top,  and 
the  other  takes  four  minutes ;  it  will  cost  the  first  little  more 
than  a  fourth  part  of  the  fatigue  which  it  cost  the  second, 
because  the  exhaustion  is  in  proportion  to  the  time  during 
which  the  muscles  are  acting.  The  quick  mover  may  have 
exerted  perhaps  one-twentieth  more  force  in  the  first  instance, 
to  give  his  body  the  greater  velocity,  which  was  afterwards 
continued  ;  but  the  slothful  supported  his  load  foiu'  times  as  long. 
The  rapid  waste  of  muscular  strength  which  arises  from  con- 
tinued action,  is  shown  by  keeping  the  arm  extended  horizon- 
tally for  some  time :  few  can  continue  the  exertion  beyond  a 
minute  or  two."  IS'evertheless  the  fakirs  of  India,  the  country 
where  bigotry  overpowers  nature,  will  stretch  out  an  arm  and 
hold  it  in  that  position  until  the  muscles  become  rigid  and 
wasted,  and  the  arm  immoveable. 

The  power  of  the  muscles  of  man  is  far  beyond  that  of  any 
animal  approaching  his  size ;  there  are  instances  of  the  capa- 
bility of  endurance  of  muscular  fatigue  and  exertion  almost 
incredible,  and  never  equalled  by  quadnipeds.  "We  have  re- 
ferred to  the  feat  of  Topham ;  and  there  was  that  of  Carr  the 
blacksmith,  who  lifted  up  a  large  anchor  of  a  ship  and  carried 
it  over  the  sands  at  the  sea-shore  to  liis  workshop, — a  weight 
that  would  have  broken  the  back  of  a  horse.    This  same  man 
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on  one  occasion  laboured  at  Hs  fatiguing  employment  during 
upwards  of  ninety  hours  without  cessation.  In  consecutive 
days'  journeys  a  horse  cannot  compete  with  a  man ;  the  former 
becoming  exhausted,  while  the  latter  seems  to  add  to  his 
powers  of  continuance.  The  fatigue  of  walking  a  thousand 
miles  in  a  thousand  hours,  uninterruptedly,  and  part  of  that 
backwards,  is  an  act  showing  a  continuance  of  muscular  exer- 
tion that  no  animal  could  sustain ;  and  we  suspect  it  would 
be  difficult  to  meet  with  a  quadruped,  with  all  its  advantage  of 
length  of  leg  for  progressive  motion,  that  could  walk  ten  miles 
in  one  hoiu'  and  twenty- two  minutes ; — yet  such  feats  have 
some  men  delighted  in  accomplishing. 

Mechanism  of  oilier  portions  of  the  Animal  Economy. 

There  are  other  parts  of  the  human  frame  destined  to  per- 
form hydrostatic  and  pneumatic  operations,  having  pipes,  valves, 
capillary  tubes,  and  other  wonderful  arrangements  for  carrying 
on  the  vital  principle  that  animates  the  body,  and  to  which  a 
few  pages  may  be  usefully  and  appropriately  devoted. 

"We  have  noticed  the  teeth  cut  and  grind  the  food  by  a  power 
derived  from  the  nerves ;  the  muscles  move  the  jaws,  which 
become  powerful  levers  ;  the  tongue  moves  the  food  about,  and 
places  it  under  the  grinding  teeth  until  it  is  sufficiently  reduced 
in  size  to  swallow ;  the  lips  prevent  its  falling  out.  While 
the  muscles  are  acting  on  the  jaws,  they  also  compress  glands 
situated  between  the  ear  and  lower  jaw-bone,  and  beneath 
the  tongue ;  from  these  proceed  minute  ducts  to  the  middle  of 
the  check  rather  nearer  to  the  ear,  others  open  at  each  side  of 
the  membrane  which  ties  the  tongue  down  to  the  inside  of  the 
lower  jaw;  from  these  a  watery  fluid  exudes  called  saliva, 
which  softens  and  mixes  with  the  food,  that  it  may  the  more 
easily  glide  down  the  throat.  The  tongue,  mo\ang  upward  and 
backward,  rolls  the  aHment  into  that  part  seen  on  looldng 
at  the  back  part  of  an  open  mouth,  which  is  named  the 
phaiynx;  here  are  a  number  of  muscular  fibres,  which,  by 
contracting,  force  the  food  towards  the  stomach.  The  pharynx 
is,  however,  deserving  of  further  notice.  On  looking  upward, 
may  be  seen  two  large  openings  leading  to  the  nostrils. 
Between  these  and  the  entrance  from  the  mouth  is  the  soft 
palate,  a  kind  of  fleshy  moveable  ciu'tain,  and  in  the  middle 
of  this  is  a  pointed  little  lump,  which  projects  outward,  named 
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the  uvula.  Ou  each  side  there  are  bodies  of  a  glandular 
nature,  whose  office  it  is  to  secrete  a  lubricating  fluid,  to 
facilitate  the  easy  passage  of  the  pasty  mass  of  ab'ment ;  these 
are  the  tonsils.  The  larynx,  or  commencement  of  the  Avind- 
pipe,  is  placed  before  the  pharynx  just  at  the  root  of  the 
tongue ;  near  this  part  is  the  glottis,  in  front  of  which  is  a 
cartilaginous  valve,  standing  perpendicularly,  designated  the 
epiglottis.  We  all  know  the  great  sensibility  of  the  membrane 
of  the  windpipe,  and  that  if  the  slightest  morsel  of  food  or 
other  matter  touches  it,  from  its  irritable  nature  a  convulsive 
fit  of  coughing  ensues ;  and  thus  the  folly  of  laughing  or  talk- 
ing when  eating  meets  with  a  painful  punishment :  yet  every 
particle  of  food  has  to  pass  over  the  glottis,  and  this  leads  us 
to  the  mechanism  of  the  art  of  eating.  When  we  perform  the 
act  of  swallowing,  the  tongue  moves  backward,  at  the  same 
time  the  windpipe  is  raised  upwards,  and  the  epiglottis  de- 
scends, which  effectually  covers  the  opening ;  while  the  food, 
having  reached  the  pharynx,  presses  upon  it,  and  thus  keeps 
it  still  more  securely  closed.  The  aliment  having  glided  past, 
the  tongue  returns  to  its  former  position;  the  windpipe  is 
drawn  do-wn,  the  epiglottis  is  again  erect,  and  there  is  a  free 
open  passage  for  breathing.  This  beautiful  simple  mechanism 
acts  from  the  motion  of  the  parts  themselves,  independent  of 
the  wiU  of  the  person  or  animal.  But  during  this  time  the 
moveable  curtain  has  been  assisting,  for  it  closed  over  the  nasal 
openings,  so  that  nothing  should  pass  in  that  direction  ;  and 
were  anything  rejected  by  the  stomach,  it  is  thrown,  in  such 
painful  circumstances,  with  force  against  that  part,  and  would 
thus  find  an  exit ;  but  it  is  very  difficult  to  force  this  passage, 
from  the  elevation  of  the  soft  palate  over  the  openings. 

The  windpipe  is  divided  into  three  parts,  called  the  larynx, 
the  trachea,  and  the  bronchi.  The  larynx,  we  have  said, 
opens  at  the  root  of  the  tongue,  and  is  the  upper  part  of  the 
trachea.  Five  pieces  of  cartilage  compose  this  important 
piece  of  mechanism ;  the  largest,  named  thyroid,  consists  of  two 
irregular  quadrangular  pieces  which  unite  at  an  obtuse  angle 
in  front,  and  project  at  the  fore-part  of  the  neck.  This  pro- 
jection, which  is  strongly  developed  in  men,  the  vulgar  believe 
or  say  originated  in  the  moment  of  hesitation  of  om*  first  pro- 
genitor before  swallowing  the  forbidden  fmit,  which,  in  an  evil 
moment,  he  had  been  induced  to  take,  and  was  to  lead  to  sin ; 
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hence  it  is  named  pomum  Aclami,  or  Adam's  apple.  Several 
ligaments  are  attached  to  the  cartilages,  and  between  two  of 
them,  the  vocal  chords,  is  a  chink  or  cleft  for  the  passage  of 
the  air ;  through  these  we  force  the  air,  and  the  voice  is  pro- 
duced. The  lining  of  the  larynx  is  softened  by  a  plentiful 
supply  of  mucus,  which  defends  it  from  the  cold  or  heat  of 
the  external  air.  •  It  is  perfectly  pliant  to  the  movements 
of  the  neck.  One  of  the  cartilages,  cricoid,  has  the  shape 
of  a  ring  with  a  seal  in  it :  the  broadest  part,  being  placed 
behind,  connects  two  pyramidal  portions  of  a  cartilage,  ary- 
tenoid, whose  movements  alter  the  size  of  the  aperture  of 
the  glottis,  and  slacken  or  bring  together  the  vocal  chords ; 
and  thus  produce  all  the  beautiful  modulations  and  tones  of 
that  most  divine  harmony  of  which  the  human  voice  is 
capable. 

The  trachea  extends  to  the  bronchi,  and  is  a  tube  of  from 
five  to  seven-eighths  of  an  inch  in  diameter ;  it  is  in  the  middle 
of  the  fore-part  of  the  neck,  and  before  the  gullet.  \  If  we  take 
some  hoops,  cut  away  about  the  fourth  part,  then  taper  the 
ends,  lay  a  thick  part  on  the  thin  part  of  the  other,  and  thus 
build  them  up,  attaching  them  to  each  other  by  an  elastic 
membrane,  we  form  a  pliant  pipe,  and  one  having  a  resemblance 
to  the  trachea.  It  is  very  sensitive,  and  lubricated  with  mucus. 
The  bronchi  are  a  continuation  of  the  trachea  divided  into  two 
separate  tubes  brandling  off  to  the  two  lungs, — the  right  is  the 
largest  and  the  shortest ;  these  divide  into  smaller  and  smaller 
branches,  and  ramify  as  air-ceUs  in  every  part  of  the  lungs ;  it 
is  the  inflammation  of  these  fine  tubes,  or  their  disorganiza- 
tion, that  creates  the  distressing  and  often  fatal  malady  called 
bronchitis. 

To  return  to  the  food  which  had  got  as  far  on  its  journey 
as  the  muscular  tube,  called  the  gullet  or  oesophagus,  from 
whence  it  passes  downward  to  the  stomach ;  this  is  a  mus- 
cular membranous  bag  somewhat  in  the  shape  of  the  Scotch 
bagpipes,  larger  at  the  left,  and  decreasing  in  size  to  the 
right,  curved  or  arched  at  its  exterior,  with  two  openings, 
and  capable  of  holding  from  five  to  eleven  pints.  The  inside 
bears  a  resemblance  in  structure  to  velvet. 

The  effect  of  the  foUy  and  impropriety  of  indulging  too 
much  in  any  food  that  is  gratifying  to  the  taste  may  here  be 
noted.    The  abdomen  is  rendered  tense  and  projects ;  and  by 
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its  enlargement  the  part  called  the  diaphragm  or  midriff, 
which  divides  what  is  termed  the  superior  from  the  inferior 
parts,  or  the  cavity  of  the  chest  from  the  abdomen,  is  forced 
upward  into  the  chest,  which  allowing  less  room  for  the  action 
of  the  important  functions  there  performed,  the  breathing 
becomes  difficult,  and  is  hurried,  thus  rendering  speech  often 
what  is  popularly  termed  thick ;  by  the  fulness  of  the  abdo- 
men the  blood  is  driven  to  other  parts,  and  often  ascends  to 
the  head,  where,  collecting  in  the  arteries  in  too  great  an 
abimdance,  it  produces  that  fatal  malady,  apoplexy. 

After  the  food  reaches  the  stomach,  a  liquid  oozes  out  of  the 
internal  glandular  smface,  called  the  gastric  juice.  This  juice 
will  dissolve  almost  any  substance,  the  casiag  of  seeds  forming 
an  exception ;  it  reduces  the  food  into  a  mass,  chyme,  which 
next  passes  a  conti'acted  ring,  the  pylorus,  or  keeper  of  the 
gate  (this  prevented  its  egress  until  the  gastric  juice  had  per- 
formed its  duty) ;  it  then  enters  the  smaller  intestine,  the  duo- 
denum ;  journeying  onward  it  receives  a  mixture  of  bUe  and 
pancreatic  juice  from  the  liver  and  pancreas  ;  the  milky  fluid 
known  as  chyle  is  now  produced,  and  absorbed  by  lacteals,  or 
nulk-tubes,  which  convey  it  to  a  vessel  near  the  heart,  where 
it  finally  mingles  with  the  blood  and  nourishes  the  body.  The 
distance  it  travels  is  about  that  of  sis  times  the  length  of  the 
body. 

The  intestinal  canal  is  smooth  in  its  outer  surface,  and  sup- 
plied with  a  slippery  fluid,  whereby  it  glides  about  with  perfect 
ease.  The  expulsion  of  the  refuse  from  thence  takes  place  by 
the  elasticity  and  muscularity  of  the  coats,  which,  by  success- 
ive contractions  of  its  fibres  from  the  higher  to  the  lower 
parts,  act  by  a  gentle  pressure  around  the  tube,  carrying- 
onward  the  contents.  The  abdomen  may  be  considered  as  a 
vessel  full  of  liquid,  on  which  there  is  a  pressure  in  all  direc- 
tions, increasing  with  the  depth  (see  Hydrostatics),  and  in- 
creased also  by  the  action  of  the  surrounding  muscles  which 
form  the  sides  of  the  cavity. 

Straining,  or  strong  action  of  the  abdominal  muscles,  and 
therefore  pressure  on  the  abdominal  contents,  occurs  with 
almost  every  bodily  exertion ;  for  the  abdominal  muscles  are 
the  antagonists  of  the  great  muscles  of  the  back  and  about  the 
spine,  and  must  always  come  into  play  with  them,  to  give 
fomneas  and  rigidity  to  the  trunk  of  the  body.    This  may  be 
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seen  remarkably  in  the  actions  of  lifting,  mnning,  wrest- 
ling, &c.  As  the  abdominal  muscles  cannot  act  in  a  continued 
■way  and  strongly,  unless  the  ribs,  from  which  they  arise, 
become  nearly  fixed,  diu'ing  exertion  the  ribs  are  supported  by 
the  intercostal  muscles,  and  by  the  air  in  the  chest,  confined 
for  a  time  by  the  closure  of  the  air-passages  in  the  throat ; 
hence  there  is  generally  compression  in  the  chest  also  when 
the  abdomen  is  compressed,  and  the  blood  is  squeezed  towards 
the  extremities  from  both  cavities  at  once.  It  is  important  to 
remark  here,  that  in  what  are  termed  the  strong  actions  of  the 
chest,  as  coughing,  sneezing,  blowing,  etc.,  the  abdominal 
muscles  arc  the  great  agents.  By  pulling  down  the  ribs  to 
which  they  are  attached,  they  nan-ow  the  chest;  and  by 
pressing  tlie  abdominal  contents,  and  thus  raising  up  the  dia- 
phragm, they  shorten  the  chest. 

AVe  liavc  proceeded  as  far  as  the  formation  of  food  into  a 
substance  which  replenishes  that  important  fluid  the  blood, 
the  circulation  of  Avhich  is  a  subject  of  interest.  That  portion 
of  the  scientific  world  pursuing  the  ennobling  study  of  anatomy 
owes  its  progressive  impulse  to  the  grand  discovery  of  the 
circulation  of  the  blood  by  that  renowned  Englishman  Dr. 
Harvey,  who  announced  the  fact  in  1628. 

The  arteries  and  veins  are  arborescent  over  the  entire  body ; 
springing  from  a  root,  tlic  heart,  the  thickly-placed  branches 
and  twigs  of  which  ramify  through  every  part. 

The  position  of  the  lungs,  heart,  and  principal  vessels  of  the 
human  body  may  be  more  easily  comprehended  from  the  follow- 
ing illustration. 

Arising  from  the  left  chamber  or  ventricle  of  the  heart  is 
the  great  arterial  tube  called  the  aorta,  wliich  dividing  and 
eubdi\dding  into  smaller  and  smaller  tubes,  until  the  termina- 
tion of  some  are  lost  in  their  veiy  minuteness,  they  pervade  the 
furthest  extremity  of  the  living  body,  carrying  in  their  canals 
the  life-inspiring  bright-red  blood  which  gives  warmth  and  re- 
places the  waste  going  on  in  the  system.  When  these  services 
have  been  accomplished,  the  extreme  distance  is  attained,  and 
the  vigour  and  ruddiness  of  the  fluid  becomes  a  deadened  purple 
hue ;  then  the  vessels  are  reflected  back,  and  form  so  many 
minute  venous  streams,  which,  joining  into  larger  channels, 
ultimately  reach  the  part  from  whence  we  started,  the  heart, 
there  once  more  to  undergo  purification  and  addition :  thus  the 
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arterial  and  venous  systems  become  joined,  but  each  performs 
a  separate  function ;  the  one  carries  onward  the  fresh  red 
stream,  the  other  returns  the  exhausted,  purple,  thickened 
liquid  (fig.  64). 
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Fig.  64. — The  Lungs,  Heart,  and  principal  Tesaels. 
Had  not  the  blood  been  thus  separated  into  little  streams 
and  drawn  off  on  its  passage  into  other  channels,  but  proceeded 
straight  down  to  the  lowest  extremitj-,  we  may  imagine  what 
a  weight  would  have  been  felt  at  those  parts  from  the  amount 
of  tluid  pressing  outward,  which  increases  about  half  an  ounce 
eveiy  square  inch.  After  a  meal  the  action  of  the  heart  is 
accelerated,  and  still  more  so  during  bodily  exertion  or  mental 
excitement ;  it  is  slower  during  sleep.  And  it  appears  that 
the  frequency  of  the  puJse  is  in  some  degree  regulated  by  the 
same  causes ;  in  the  morning  it  is  more  fifequent,  and  becomes 
gradually  slower  as  the  day  advances,  decreasing  more  rapidly 
towards  the  evening  and  from  fatigue.  The  standing  and  sit- 
ting position  affect  it  in  a  similar  manner ;  and  food,  like  that 
of  change  of  posture,  more  so  in  the  morning  than  in  the 
evening. 

The  heart  lies  towards  the  left  side ;  the  broad  part  towards 
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the  right  and  backwards,  and  the  pointed  part  towards  the  left, 
forwards  and  downwards.  The  flat  surface  rests  on  the  mid- 
riff or  diaphragm,  and  therefore,  as  this  part  moves  upwards 
and  downwards  in  the  act  of  breathing,  it  raises  and  lowers  the 
heart.  The  pointed  part  is  opposite  the  cartilage  of  the  fifth 
and  sixth  left  rib ;  and  in  this  part  there  is  a  portion  of  the 
left  lung  removed,  as  if  to  give  ample  room  for  the  action  of 
the  heart.  It  is  encased  in  a  bag,  and  surrounded  by  a  fluid  to 
give  moistiu'c  and  ease  of  motion.  When  taken  from  the  body, 
the  heart  weighs  from  ten  to  fifteen  ounces,  and  is  larger  in  pro- 
portion to  the  body  in  the  young  than  the  old  subject,  and 
frequently  smaller  in  taU  and  strong  men,  than  in  those  of 
ordinary  height  and  moderate  muscular  powers.  The  heart 
consists  of  two  parts  closely  connected  together,  each  of  which 
has  two  cavities :  an  auricle,  or  membranous  bag,  placed  at 
the  mouth  of  the  veins  ;  and  a  ventricle,  or  strong  muscular 
chamber,  placed  at  the  orifice  of  the  artery.  "WTien  the  pui-ple 
fluid  returns,  it  is  poured  into  the  right  auricle  of  the  heart 
by  three  veins ;  the  nutritious  portions  of  the  food  are  collected 
by  absorbents  into  the  thoracic  duct  and  a  large  vein,  and 
mingled  with  the  blood  as  it  passes  in  an  agitated  state  through 
the  heart.  The  auricle,  which  derives  its  name  from  some 
supposed  resemblance  to  a  dog's  ear,  has  a  smaU  fiinged  pro- 
cess, and  its  inside  sui'face  is  smooth  and  polished,  having  some 
muscular  fibres  arranged  so  as  to  be  compared  to  the  teeth  of 
a  comb.  Next  through  a  large  roimd  orifice,  the  blood  enters 
the  right  anterior  or  pulmonary  ventricle,  and  isprevented  being 
driven  back  by  a  valve ;  it  is  divided  into  three  pointed  portions, 
having  numerous  tendinous  strings,  by  which  it  contracts.  It 
may  here  be  observed,  that  the  ventricle  is  a  strong  muscular 
cavity  with  power  forcibly  to  propel  the  blood  by  contraction, 
while  the  auricle  is  a  mere  supply-tank  to  fill  the  ventricle  as 
it  becomes  empty.  The  blood  passes  next  to  the  arterial  orifice 
of  the  ventricle,  where  there  are  three  valves  of  a  half-moon 
shape  to  prevent  any  retrograde  movement ;  and  being  now  in 
the  pulmonary  artery,  it  is  emptied  into  the  limgs,  where  it  is 
brought  into  contact  with  the  very  fine  and  dehcate  bronchial 
capUlaiy  tubes ;  here  it  mixes  with  the  oxygen  of  the  air, 
which  is  drawn  in  by  the  act  of  breathing,  and  becomes  vivi- 
fied scarlet  arterial  blood.  Four  pulmonary  veins,  two  of 
which  belong  to  each  lung,  now  pour  the  freshened  blood  into 
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the  large  left  or  posterior  aui-icle,  situated  at  the  upper  or  back 
part  of  the  heart ;  here,  again,  is  a  valve,  the  mitral,  likened 
to  a  bishop's  mitre ;  the  blood  is  now  fresh,  red,  and  warm, 
ready  to  commence  its  tortuous  joui'ney,  and  give  life,  energy, 
{ind  food  to  the  entire  body.  The  left  ventricle  is  thick  and 
strong,  Uke  a  solid  mass  of  flesh,  having  to  drive  the  blood  up 
the  aorta,  also  guarded  by  three  semilunar  or  half-moon 
valves,  and  send  it  to  the  remotest  parts.  The  aorta  is  the 
great  tube  from  which  all  the  arteries  branch  off  aud  receive 
their  precious  supply. 

The  lungs  are  spongy  bodies,  the  vessels  and  thin  mem- 
branes of  which  are  chiefly  formed  into  cells  coveiing  a  sur- 
face equal  to  about  thirty  times  that  of  an  ordinaiy  sized 
man.  Into  these  the  air  we  breathe  being  received,  the  oxygen 
is  taken  up  by  the  blood,  and  the  other  parts  rejected  and 
returned.  As  the  chest  expands  the  air  rushes  in,  and  is  again 
expelled  by  its  contraction.  The  lungs  are  divided  into  five 
pai'ts  or  iobes,  three  lying  on  the  right  side  of  the  chest  and 
two  on  the  left :  these  are  enclosed  in  a  bladder-Hke  substance 
named  the  pleura.  The  air  rushes  in  among  the  minute  and 
thin  vessels  containing  the  blood,  and  eveiy  part  is  penetrated 
by  it,  and  every  atom  of  blood  chemically  changed ;  the  black 
impure  blood  instantly  becomes  bright  scarlet. 

The  principal  force  provided  for  constantly  moving  the  blood 
through  the  vessels,  is  that^of  the  muscular  substance  of  the 
heart,  assisted  by  the  elasticity  of  the  walls  of  the  arteries, 
the  pressure  of  the  muscles  upon  the  veins,  and  the  movements 
of  the  walls  of  the  chest  in  respii'ation.  If  an  upright  tube 
were  connected  to  an  artery,  there  would  usually  be  found  a 
cohmin  of  blood  about  eight  feet  above  the  level  of  the  heart ; 
and  calculating  this  in  the  manner  described  under  the  chapter 
Hydrostatics,  the  pressure  must  be  about  four  pounds  per 
inch.  The  same  experiment  applied  to  the  veins  would  result 
in  a  column  only  half  a  foot  in  height,  and  hence  the  pressure 
would  be  about  a  quarter  of  a  pound  per  square  inch. 

The  force  with  which  the  left  ventricle  of  the  heart  contracts 
is  nearly  double  that  exerted  by  the  contraction  of  the  right. 
This  difference  in  the  amount  of  force  exerted  by  the  contrac- 
tion of  the  two  ventricles  results  from  the  walls  of  the  left 
ventricle  being  about  twice  as  thick  as  those  of  the  right ;  and 
the  difference  is  adapted  to  the  greater  degree  of  resistance 
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which  the  left  ventricle  has  to  overcome,  compared  vnth.  that 
of  the  right ;  the  former  having  to  propel  blood  through  every 
pai-t  of  the  body,  the  latter  only  through  the  lungs.  Blood  left 
in  a  vessel  separates  into  two  distinct  parts ;  but  this  violent 
action  in  the  heart  keeps  all  mixed,  and  sends  it  forth  in  a 
condition  to  become  the  pendulum  of  life. 

The  aorta  proceeds  from  the  heart  over  the  chest  in  an 
arched  siphon-lilce  manner,  and  then  its  scarlet  contents  are 
poured  down,  and  the  weight  of  the  column  of  blood  sends  it 
through  the  capillaries  to  an  equal  height  in  a  coiTesponding 
vein,  aa  explained  in  Hydrostatics;  fluids  attain  the  same 
height  in  all  communicating  vessels.  Not  only  does  this  law 
of  gravity  aid  the  circulation  of  the  blood,  but  also  the  powers 
exerted  to  the  extent  of  a  column  eight  feet  above  the  heart. 
When  at  the  extremities  the  blood  passes  through  narrow 
orifices,  and  is  forced  up  the  venous  tubes  by  the  same  power 
which  is  sufficient  to  raise  it  above  the  heart,  as  if  a  force-pump 
were  raising  water  in  this  manner  and  filling  a  tube,  having 
power  not  onlj'  to  this  extent,  but  also  to  overcome  friction, 
and  sustain  the  column  which  is  increased  in  weight  in  pro- 
portion to  the  depth. 

When  we  draw  in  our  breath  the  chest  is  expanded,  and  the 
muscular  powers  are  then  put  on  the  stretch,  circumstances  ren- 
dering favourable  the  passage  of  the  blood  from  the  veins  to 
the  heart ;  and  on  expelling  the  air  from  the  chest,  the  muscles 
contract  and  the  diaphragm  rises,  by  which  the  passage  of  the 
blood  is  resisted,  and  all  return  pre^"cnted  by  the  valves  in  the 
veins  ;  as  the  force  is  only  equal  to  a  column  of  half  a  foot,  it 
is  easily  overcome. 

An  artery,  or  holder  of  air — as  the  ancients  denominated  it 
from  finding  it  always  empty  upon  dissection  after  death,  and 
hence  supposed  it  to  be  an  air-tube — is  circular  in  form,  and 
consists  of  three  strata  of  different  substances  called  its  coats. 
The  inner  is  thin,  strong,  inelastic,  and  smooth;  if  injured, 
the  regular  roimd  form  is  lost  to  the  tube.  The  middle  coat  is 
composed  of  a  number  of  muscular  circular  fibres.  The  outer 
coat  is  a  condensed  cellular  substance  and  very  elastic :  thus 
there  is  an  elastic  power  with  a  small  muscular  force ;  and 
if  pressed,  or  much  stretched,  it  easily  returns  to  its  former 
condition.  When  a  small  artery  is  cut  across,  it  contracts  at 
the  part,  and  therefore  aids  the  preservation  of  the  life-gi-sing 
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fliiid ;  thus  in  bleeding  to  death,  the  arteries  contract  in  pro- 
portion to  the  decreased  size  of  the  stream.  Sometimes,  in 
dissection,  a  single  fibre  will  contract  as  if  it  were  a  string  tied 
roxmd  the  mouth  of  the  tube,  and  when  tied  by  a  thread  the 
parts  ai'ound  contract,  and  firmly  secure  the  orifice.  The 
arteries  contain  about  five  pounds  of  blood,  and  their  jjulsation 
is  felt  over  the  whole  body  nearly  at  the  same  instant. 

We  have  seen  that  the  heart  keeps  up  a  tension  or  pressure 
in  the  arteries  of  about  four  pounds  on  the  square  inch  of  their 
surface  ;  and  with  this  force,  therefore,  is  propelling  the  blood 
into  the  capillaries.    If  these  last  were  passive  tubes,  con- 
stantly open,  such  force  would  be  sufiicient  to  press  the  blood 
through  them  with  a  certain  uniform  velocity ;  but  they  are 
vessels  of  great  and  varying  activity ;  it  is  among  them  that 
the  nutrition  of  the  different  textures  of  the  body  takes  place, 
as  of  muscle,  bone,  membrane,  &c. ;  and  that  aU  the  secretions 
from  the  blood  are  performed,  as  of  bile,  gastric  juice,  or  sa- 
hva,  &c. :  and  to  perform  such  varied  and  often  fluctuating 
offices,  fhey  require  to  be  able  to  control  in  all  ways  the  motion 
of  the  blood  passing  through  them.    The  capillaries  of  the 
cheek,  under  the  influence  of  shame,  dilate  instantly  and  admit 
more  blood,  producing  what  is  called  a  blush ;  under  the  influ- 
ence of  anger  or  fear,  they  suddenly  'empty  themselves,  and 
the  coimtenance  becomes  paUid — tears  or  saliva  gush  in  a 
moment,  and  in  a  moment  are  again  di'ied  up ;  if  a  person 
having  inflammation  in  one  hand  be  bled  from  correspond- 
ing veins  in  both  ai-ms  at  the  same  time,  twice  or  thrice  as 
much  blood  will  flow  from  the  diseased  side  as  from  the  other. 
Similar  changes  occur  in  many  other  instances.  Now  the  only 
mechanical  action  of  vessels  capable  of  causing  these  phenomena 
must  occur  in  contractile  or  muscular  coats ;  and  with  refer- 
ence to  such  action,  it  merits  notice  that  arterial  branches  have 
always  more  of  the  fibrous  or  contractile  coat  in  proportion  as 
they  are  smaller. 

A  muscular  capillary  tube  strong  enough  to  shut  itself  in 
spite  of  the  action  of  the  heart,  is  also  strong  enough  to  propel 
the  blood  to  the  heart  again  through  the  veins,  even  if  the 
resistance  on  that  side  were  as  great  as  the  force  on  the  other.. 
For  if  we  suppose  the  first  circular  fibre  of  the  tube  to  close 
itself  completely,  it  would,  of  course,  be  exerting  the  same 
repcUent  force  on  both  sides,  or  as  regarded  both  the  artery 
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and  vein.  If  then  the  series  of  ring-fibres  forming  the  tube 
were  to  contract  in  succession  towards  the  vein,  as  the  fibres 
of  the  intestinal  canal  contract  in  propelling  the  food,  it  is 
evident  that  all  the  blood  in  the  capillary  would  thereby  be 
pressed  into  the  vein  towards  the  heart.  If,  after  this,  the 
capillary  relaxed  on  the  side  of  the  artery  so  as  to  admit  more 
blood,  and  again  contracted  towards  the  vein  as  before,  it 
might  produce  a  forward  motion  of  the  blood  in  the  vein,  in- 
dependently of  the  heart.  We,  of  course,  state  this  merely  as 
a  possibility,  for  the  intimate  nature  of  capillary  action  is  not 
visible,  and  is  not  positively  ascertained. 

It  is  capillary  action  which  absorbs  and  moves  the  fluids 
of  the  classes  of  animals  which  have  no  heart.  It  must  also 
be  the  power  which  moves  the  blood  in  warm-blooded  monsters 
formed  without  hearts.  There  are  cases  of  apparent  death 
among  human  beings  where  the  heart  remains  inactive  for 
days,  and  yet  a  degree  of  circulation  sufficient  to  preserve  life 
is  carried  on  by  the  capillaries.  In  further  illustration  of  ca- 
pillary action,  we  have  the  absorption  of  nourishment  from  the 
alimentary  canal  by  the  lacteals ;  and  perhaps,  to  a  certain 
extent,  the  circulation  of  the  blood  in  the  Uver  of  animals.  In 
this  last  case,  the  blood  collected  by  veins  from  the  abdominal 
viscera,  instead  of  going  directly  to  the  heart,  is  again  distri- 
buted through  the  liver  by  the  branches  of  the  portal  vein ; 
and  is  then  again  collected  by  ordinary  veins,  and  earned  to 
the  heart.  It  thus  moves  through  two  sets  of  capillaries  in 
passing  from  the  arteries  to  the  heart  again. 

The  action  of  the  capillaries  is  the  cause  of  that  singular 
phenomenon  which  prevented  the  ancients  from  discovering 
the  circulation  of  the  blood,  viz.  the  empty  state  of  the  arteries 
after  death.  All  the  muscular  parts  of  an  animal,  including, 
therefore,  the  contractile  coats  of  vessels,  retain  their  hfe,  or 
power  of  contracting,  for  a  considerable  time  after  respii-ation 
has  ceased,  as  is  seen  in  the  recovery  of  persons  apparently 
drowned  or  suffocated ;  in  the  leaping  of  a  heart  taken  from  an 
animal  just  killed ;  in  the  actions  resembling  life  which  can  be 
produced,  by  the  agency  of  galvanism,  in  a  body  recently  dead ; 
and  stiU  more  aptly  for  our  purpose,  in  the  total  disappearance 
of  a  local  inflammation  after  the  death  of  a  patient.  Inflam- 
mation involves  a  gorging  or  over- distension  of  the  capillaries; 
and  when  the  heart  has  ceased  to  press  blood  into  them,  the 
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contractile  force  remaining  in  them,  even  under  disease,  and 
in  a  dead  animal,  is  sufficient  to  squeeze  the  blood  out  of  them, 
and  often  to  remove  aU  trace  of  the  malady  vs^hich  has  been 
fatal.  In  ordinary  cases,  the  capillaries  throughout  the  body 
remain  alive  and  active  for  a  considerable  time  after  breathing 
has  ceased,  and  they  work  like  innumerable  little  pumps, 
emptying  the  arteries  into  the  veins.  As  the  red  blood  is  their 
proper  sustenance  as  well  as  stimulus,  they  work  as  long  as 
there  is  any  of  it  coming  from  the  arteries  behind  them ;  the 
capillaries  of  the  lungs,  however,  soon  cease  to  act,  because, 
after  breathing  has  ceased,  they  are  filled  with  black  blood, 
and  are  moreover  compressed  by  the  collapse  of  the  chest,  and 
all  the  blood  accumulates  behind  them.  The  capillaries  may 
continue  to  be  filled  from  the  arteries,  either  in  consequence 
of  their  elasticity  opening  them  with  what  is  called  a  suction 
power,  or  of  an  absorbent  power  dependent  on  life,  like  that 
of  the  lacteals  and  of  the  absorbents  all  over  the  body,  and, 
perhaps,  of  the  vessels  in  the  roots  of  vegetables.  When  death 
is  produced  by  hghtning,  or  by  the  poisons  which  destroy 
muscular  irritability,  and  therefore  capillary  activity,  the 
arteries  after  death  are  found  to  contain  blood  like  the  veins. 
In  a  living  body,  if  an  artery  be  tied,  the  part  beyond  the 
hgature  is  soon  emptied  into  the  veins,  and  becomes  flat.  The 
experiment  has  been  made  even  upon  the  aorta  itself. 

The  empty  state  of  the  arteries  after  death  is  still  ascribed 
by  some  teachers  to  the  momentum  with  which  the  blood  is 
supposed  to  be  thrown  out  from  the  heart  in  its  last  contrac- 
tion, sufficient,  according  to  them,  to  squirt  it  fairly  through 
the  most  distant  capillaries ;  a  doctrine  exemplifying  the  care- 
lessness with  which  able  men  sometimes  receive  and  repeat 
opinions,  to  which  their  attention  has  never  been  fully  awa- 
kened. The  efiect  supposed  here  would  not  follow,  even  if  the 
dying  action  of  the  heart  were  the  strongest  possible ;  while, 
in  reality,  it  is  in  most  cases  so  feeble,  that  the  pulse  for  some 
time  ceases  to  be  perceptible  at  the  extremities,  and  the  dimi- 
nished circulation  lets  them  become  cold.  Other  physiologists 
teach  that  an  artery  is  capable  of  contracting  directly  upon  its 
contents,  so  as  to  expel  even  the  last  drop  ;  but  large  arteries, 
when  emptying,  do  not  contract  roundly  like  an  intestine; 
they  become  fiat,  like  elastic  tubes  of  leather  sucked  empty, 
and  no  contractile  action  of  the  vessel  itself  could  bring  its 
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sides  together  in  such  a  manner.  If  arteries  emptied  them- 
selves bj  their  own  action,  the  pulmonary  artery  should  be 
more  certainly  empty  than  the  aorta,  because  it  is  shorter ; 
yet  it  is  always  fuU,  the  chief  reason  being,  as  already  stated, 
that  the  pulmonary  capillaries  cease  to  act  after  respiration  has 
ceased,  because  the  blood  in  them  is  the  venous  or  dark  blood, 
and  therefore  not  stimulant. 

Besides  the  downward  flow  of  the  blood,  there  is  also  the 
important  upward  one  to  the  head.    The  head,  being  a  close 
bony  cavity,  is  not  susceptible  of  atmospheric  pressure,  but  the 
veins  and  arteries  that  spread  over  it  are  kept  full  from  that 
cause,  of  which  we  have  spoken  in  a  previous  page;  and  though 
the  quantity  may  vaiy  in  other  parts  of  the  body,  it  does  not 
do  so  in  the  head,  where  the  vessels  are  in  a  similar  position 
to  that  of  a  siphon  in  action.    When  the  flow  of  blood  to  the 
brain  is  interrupted  by  the  cessation  of  the  action  of  the  heart 
in  fainting,  or  the  supply  of  fresh  air  to  the  lungs  cut  off,  so 
that  the  blood  rises  to  the  head  impure,  as  in  suffocation,  in- 
sensibility takes  place,  and  if  not  speedily  relieved,  convulsion 
and  death.  The  arteries  of  the  brain,  not  having  to  sustain  the 
same  outward  pressure  as  in  other  parts  of  the  body,  are  con- 
siderably weaker,  while  the  veins  are  placed  in  grooves  of  the 
bone,  and  have  a  strong  covering,  so  that  they  cannot  collapse 
by  any  sudden  tension  of  the  arteries,  as  the  veins  would  do 
in  other  parts  of  the  body,  and  thus  are  singularly  adapted  for 
the  preservation  of  thought  and  Hfe. 

There  are  other  parts  subservient  to  the  functions  of  the 
body,  which  are  equally  sui-prising  in  their  adaptation  to  the 
purposes  for  which  they  were  designed,  but  they  do  not  come 
within  the  province  of  this  work. 

Man  has  been  compared  to  a  machine,  but  we  consider  in- 
aptly so ;  for  no  machine  is  at  all  comparable  to  that  frame 
sent  forth  in  creation,  when  God  said,  "  Let  us  make  man  in 
our  image,  after  our  likeness,"  and  He  "  created  man." 

Examine  the  head,  the  brain,  where  the  union  of  spirit  and 
body  resides,  and  the  mind  emanates  to  guide  the  actions. 
Consider  the  organs  of  sense,  the  eye  to  see,  the  ear  to  hear, 
the  nose  to  smell,  the  mouth  to  taste,  and  the  skin  to  touch, 
while  thus  holding  communion  vsdth  the  objects  around.  For 
safety,  by  communicating  sensation  to  the  brain,  and  the  will 
to  the  muscles,  do  we  see  the  beautiful  arrangement  of  the 
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nerves.  Then  there  is  the  mechanism  of  the  muscles  and 
teadons,  giving  the  power  of  locomotion  to  flee  from  danger 
or  supply  wants.  There  is  fii-mness,  shape,  protection,  and 
strength  to  all  the  soft  parts,  fi-om  the  bony  skeleton  through- 
out the  entire  body,  having  ligaments  to  bind  them  together 
and  allow  of  motion,  to  the  smooth  slipj)ery  surfaces  to  prevent 
■wear  and  afford  easy  movements.  The  hollows  are  filled  up 
with  fleshy  or  fatty  matter,  and  the  whole  is  made  compact 
and  defended  from  injury  by  the  covering  of  the  skin.  That 
thoughts  and  feelings  may  be  communicated,  and  the  grand 
gift  of  social  intercourse  enjoyed,  there  are  the  organs  for 
the  faculty  of  speech.  That  this  body  may  endure  by  being 
refreshed,  renewed,  and  repaired,  there  is  blood  impelled  by 
the  heart  and  the  arterial  system,  while  the  veins  bring  back 
that  which  is  not  required,  and  with  it  the  collected  refuse 
matter :  this  is  separated  by  glands  and  other  organs  straining 
it,  and  the  useless  superfluous  parts  pass  away  by  excretory 
organs.  .  Man  breathes,  and  thus  his  blood  is  purified,  which 
supports  the  warmth  of  his  body,  and  beyond  its  necessity  for 
the  continuance  of  Ufe  we  know  little.  The  teeth  reduce  the 
bulk  of  the  food  procured  by  the  hands ;  and  the  stomach  che- 
mically changes  it :  by  such  means  fresh  blood  is  created.  The 
stomach  announces  its  wants,  and  teUs  when  sufiiciently  sup- 
plied. Thus,  then,  these  are  properties  that  leave  far  behind 
any  machine  ever  contrived  by  man  of  internal  powers  of  self- 
preservation,  that  palpably  proclaim  in  their  formation  the 
msdom  and  wonders  of  a  divine  Creator. 

To  finish  with  a  summary  of  the  most  striking  characteris- 
tics of  the  human  body,  and  which  may  awaken  in  some  a 
spirit  of  iuquiry,  and  in  all  a  deep  reverence  for  the  divine 
power  that  could  so  wisely  and  with  such  love  give  to  us  such 
perfection  of  organization,  we  state  a  few  facts  about  the 
human  frame.  The  prop-work,  or  skeleton,  consists  of  261 
bones,  weighing  about  14  lbs.,  and  is  one  inch  less  in  height 
in  the  dead  than  in  the  living  man ;  these  bones  are  moved  by 
436  muscles.  The  mean  weight  of  an  Englishman  is  151  lbs., 
his  height  5  feet  9  inches ;  the  seat  of  mind,  the  brain, 
exceeds  in  weight  twice  that  of  any  other  animal ;  he  tears 
and  grinds  the  food  that  nourishes  his  body  with  32  teeth 
covered  by  a  substance  nearly  as  hard  as  iron ;  he  breathes  18 
times  a  minute,  and  inhales  in  that  time  18  pints  of  air,  or 
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more  than  57  hogsheads  in  a  day ;  every  twenty-four  hours 
he  consumes  10|  cubic  feet  of  oxygen  ;  and  gives  forth,  to  feed 
vegetation,  annually  124  lbs.  of  carbon;  in  infancy  his  blood 
pulsates  120  times  per  minute,  in  manhood  80,  in  age  60 
times,  and  the  weight  of  red  fluid  circulating  in  his  veins  is 
about  28  lbs. ;  his  heart  beats  75  times  per  minute,  and  drives 
at  each  beat  10  lbs.  of  blood  on  its  journey  throughout  the 
body ;  thus  in  twenty-four  hours  12,000  lbs.,  or  more  than 
24  hogsheads,  pass  through  the  heart,  and  1000  ounces  of  this 
very  hour  visit  the  kidneys.  In  our  breathing  apparatus, 
the  lungs,  are  174,000,000  holes,  or  cells,  that  would  cover  a 
surface  30  times  greater  than  the  body ;  7,000,000  pores  carry 
off  the  iised  portion  of  the  hujnan  body,  each  of  which  is  about 
a  quarter  of  an  inch  in  length  ;  and  thus  there  is  a  drainage 
of  nearly  28  miles  by  means  of  small  tiibes,  and  33  ounces  of 
insensible  perspiration  escape  in  24  hours — a  fact  sufficient  to 
imjiress  the  mind  with  the  importance  of  ablutions ;  the  weight 
of  atmosphere  which  presses  upon  every  ordinary-sized  person 
is  about  13  tons. 


Fig.  65. 

CHAPTEE  lY. 
HYDROSTATICS. 

This  word  is  a  Greek  compound,  signifying  the  laws  of  fluids 
at  rest.   The  braneh  of  science  to  which  it  refers  treats  of  the 
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■weight,  pressure,  and  equal  balance  of  fluids  in  a  state  of 
rest. 

!Matter  has  three  peculiar  forms :  solid,  as  the  earth ;  liquid, 
as  the  ocean ;  and  aeriform,  as  the  atmosphere  we  breathe. 

Fluids  are  said  to  be  elastic  and  non-elastic ;  by  which  it  is 
meant,  that  some  cannot  be  compressed  into  a  smaller  bulk,  as 
water,  oil,  mercuT}',  and  alcohol;  while  others  are  compressible 
into  a  smaller  space,  as  air,  steam,  and  gas.  This  is  not  strictly 
coiTCct,  for  those  which  were  at  one  time  thought  to  be  incom- 
pressible are  now  discovered  to  be  slightly  so. 

Neither  the  form  nor  size  of  the  atoms  comprising  water  are 
known,  but  they  must  be  very  minute,  as  they  penetrate  the 
substance  of  most  bodies,  pass  up  the  small  tubes  of  fibrous 
materials,  and  float  in  the  atmosphere  as  mist  and  clouds. 
They  are  generally  supposed  to  be  globular. 

It  does  not  then  appear  that  fluidity  arises  from  the  shape 
of  the  particles  of  water,  but  from  the  imperfect  cohesion  of  the 
atoms.  Some  fluids  have  more  tenacity  than  others,  as  tar, 
honey,  cal,  which  are  viscous  and  imperfect  fluids  in  comparison 
vnth.  water,  mercury,  and  distilled  spiiits. 

Solids  have  a  centre  of  gravity,  and,  bound  by  attraction  in 
a  body,  fall  with  great  force.  If  the  air  were  withdrawn,  a  mass 
of  water  would  fall  with  the  like  effect ;  but  fluids  have  less  at- 
traction among  their  atoms,  and  it  is  their  easy  separation  which 
causes  them,  when  in  small  quantities,  by  the  resistance  of  the 
atmosphere  in  falling  from  a  height,  to  form  into  small  drops 
or  globes,  with  all  the  hghtness  with  which  a  soHd  piece  of 
timber  reduced  to  sawdust  would  fall  if  poured  from  an  elevated 
place. 

Level  Surface  of  Fluids. 

Every  atom  of  fluid  being  attracted  to  the  centre  of  the 
earth,  and  having  an  independent  gravity,  its  surface  becomes 
a  perfect  level  to  the  face  of  the  earth. 

But  as  the  earth  is  not  a  true  level  from  being  a  sphere, 
neither  is  water;  as  may  be  seen  when  watching  a  vessel  sail- 
ing from  a  shore;  the  huU  disappears  first,  then  the  lower 
parts  of  the  mast,  and  gradually  the  entire  is  lost  to  view;  when 
first  seen  approaching  the  land,  the  pennant  comes  into  view, 
then  the  cross-trees,  the  deck,  and  the  huU.  Nevertheless, 
what  is  understood  by  a  dead  level,  means  that  every  particle 
is  at  an  equal  distance  from  the  earth's  centre. 
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Were  a  true,  or  apparent  level,  as  it  is  termed,  taken  on  the 
earth's  surface,  it  -would  be  found  that  at  every  mile  it  was 
7  inches  and  9-lOths  higher  than  a  natural  or  dead  level ; 
this  demonstrates  that  the  bend  of  the  earth  is  nearly  eight 
inches  a  mile. 

When  railway  engineers  proceed  to  set  out  their  lines,  they 
have  attached  to  their  instruments  a  small  glass  tube,  called  a 
level,  filled  with  spirit,  except  one  bubble  of  air,  and  when  the 
air  is  an  equal  ^stance  from  both  ends,  their  theodolite  is 
level :  then  they  look  through  a  telescope,  or  sight-hole,  at  a 
pole  having  figures  or  lines  upon  it,  which  has  been  placed  at 
a  measured  distance — say  of  a  mile ;  the  figure  which  the 
sight-hole  cuts  across  is  then  noted,  and  for  the  convexity  of 
the  earth  7  inches  and  9-lOths  are  allowed  off,  which  gives 
the  dead  level.  In  forming  a  canal,  were  the  same  rule  not 
observed,  and  a  true  level  used  instead  of  a  dead  one,  the  water 
would  all  rest  at  one  end,  for  in  three  miles  it  would  have  to 
ascend  from  the  surface  of  the  earth  nearly  two  feet.  A  fall 
of  three  inches  per  mile  gives  a  motion  to  a  stream  or  river  of 
about  three  miles  per  hoxir. 

A  B  (fig.  6G)  is  a  spirit-level,  c  the  small  space  fiUed  with 
air :  to  tliis  instrument,  for  surveying  piu-poses,  two  "  sights," 
or  eyepieces,  are  usually  attached.  When  the  bubble  stands 
in  the  middle  of  the  tube,  any  object 

covered  by  the  cross-wii'es  in  the  *^JLp«iiiir  im^ 

sights  is  on  the  same  level  as  the  in-    i^'^^^s^^  j] 

strument.    There  is  often  a  limb,  i 

A  F,  attached,  having  sights  also,    i  y^~^^ 

and  moving  round  a  on  a  quarter  | 

of  a  circle  (a  quadrant)  divided  into    i  ^^^^^ 

iiinety  equal  parts.    If  it  is  desired  \--rr^^^^ 

to  know  how  many  degrees  any  ob- 

ject  is  below  the  level  of  a  b,  a  f  is  ^^S-  66. 

tirrned  until  the  cross-wires  in  the  sights  of  this  Hmb  cover  it, 

and  the  number  of  degrees  between  the  edge  of  the  limb  f 

and  the  level  e  observed.   If  the  object  is  above  the  level,  the 

instrument  is  turned  up  ;  that  is,  the  arm  A  d  is  brought  up  to 

it,  and  the  observation  made  in  the  same  manner. 

Water  seeking  its  level  is  the  cause  of  many  of  the  changes 
that  occur  on  the  surface  of  the  earth  ;  as  seen  where  running 
streams  carry  forward  a  deposit  to  the  ocean,  ultimately  form- 
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ins  new  and  extensive  lands  for  the  habitation  of  man.  "Water 
seeking  its  level  grinds  down  rocks,  washes  away  mountains, 
leaves  bare  or  lills  up  lakes,  and  tends  to  make  the  surface  of 
the  earth  a  smooth  plain,  luxuriant  and  not  perniciously  humid 
for  the  family  of  man. 

K  we  now  connect  together  a  series  of  vessels,  no  matter 
what  may  be  their  shapes,  or  how  extensive  the  system,  so 
that  water  may  rise  from  the  main  channel,  a  b  (fig.  67), 
into  them,  we  shall  find, 
upon  pouring  water  into 
one,  that  it  will  rise  to 
the  same  level  in  all  the 
vessels.  In  open  chan- 
nels liquids  cannot  be 
made  to  stand  at  a 
higher  level  at  one  end 
than  at  another — they 
always  adjust  themselves  to  a  horizontal  level ;  this  is  obser- 
vable in  .canals.  In  the  great  aqueducts  of  the  ancients,  the 
water,  of  necessity,  was  always  flowing  downwards,  and  thus 
they  were  inferior  in  utility,  for  watering  cities,  to  the  system 
of  closed  pipes  which  we  now  adopt. 

The  reservoir  for  a  modem  town  is  placed  upon  a  distant 
hill,  or  water  is  raised  by  engine-power  to  a  high  level  in 
"  stand  pipes;"  an  elevation  is  thus  obtained  superior  to  that 


Kg,  67. 


Fig.  68. 

of  any  of  the  houses  which  are  to  be  sup- 
pUed  with  water ; — from  this  reservoir  a 
(fig.  68)  the  water  flows  through  a  series 
of  pipes,  perhaps  for  many  miles,  yet  at 
the  remotest  extremity,  u,  the  liquid  will 
rise  to  the  level  of  the  reservoir,  a  e.  By 


Fig.  69. 


judicious  arrangements,  the  water  might,  without  the  aid  of 
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engines,  be  thrown  over  the  highest  buildings,  in  case  of  fire, 
in  ahnost  tinlimited  quantities,  since  the  pressure  of  the  co- 
lumn A  (fig.  69),  the  height  of  the  reservoir,  would  force  the 
water  from  an  openiug  at  b,  to  nearly  the  same  height  as 
that  column. 

Upon  this  principle  ornamental  fountains  are  constructed, 
and  a  pretty  illustration  may  be  formed  in  the  following 
manner : — Bend  a  glass  tube,  a  b 
(a  siphon),  as  shown  in  fig.  70,  ' 
and  immerse  one  end  in  a  vessel 
of  water,  c ;  exhaust  the  air  from 
the  tube  by  applying  the  mouth 
to  the  orifice  at  a,  and  a  jet  will 
thus  be  produced  proportional  to 
the  height  of  the  column.  The 
gi'eat  fountain  at  Chatsworth, 
which  throws  a  column  of  water 
three  inches  in  diameter  285  feet 
high,  is  supplied  from  a  reservoir  Fig.  70. 

on  a  neighbouring  hill,  at  an  elevation  of  nearly  400  feet,  an 
the  supply-pipes  are  fifteen  inches  in  diameter.  A  jet  100  feet 
high  is  foimd,  experimentally,  to  require  the  pressure  of  a 
column  of  water  133  feet  high. 

An  artesian  well  is  formed  on  this  principle.  A  peculiar 
stratum,  let  us  suppose  it  to  be  chalk,  sand,  or  any  porous 
matter,  rests  upon  a  bed  of  clay,  or  upon  rocks  which  wUl  not 
admit  of  the  escape  of  the  water  accumulated  from  the  deposit 
of  atmospheric  moisture,  in  the  form  of  rain  or  dew,  along  the 
hiUs.    This  stratum  of  chalk  or  sand  is  also  covered  with  a 


Fig.  71. 

tenacious  mass  of  clay — as  the  London  clay,  or  some  equally 
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impervious  body.  Under  these  conditions  it  "will  be  evident 
that  the  stratum  a  a  (fig.  71)  becomes  a  reservoir  of  a  greater 
or  less  extent,  and  if,  by  boiing  through  the  superincumbent 
mass,  we  form  an  opening  into  this  stratum,  as  at  b,  the  water 
wiU  rise  in  it,  and  flow  over  in  a  jet  proportional  to  the  height 
of  the  water  in  the  stratum  from  which  it  flows. 

Tlie  Pressure  of  Fluids  is  equal  in  all  directions. 

Solids,  from  attraction,  ai'e  pressed  downwards  toward  the 
centre  of  the  earth,  and  water  obeys  the  same  universal  law. 

But  there  exists  this  difference  and  peculiarity  in  fluids  as 
compared  to  solids,  that  a  body  of  water  or  other  fluid,  being 
acted  upon  by  a  force  in  any  one  direction,  presses  upwards, 
sideways,  and  in  every  direction,  with  the  same  force. 

If  a  bladder  be  filled  with  air  or  water,  and  tied  at  the  neck, 
then  pressed  upon,  not  only  will  the  parts  underneath  the 
weight  be  compressed,  but  every  other  part  of  the  bladder 
equally,  aU  offering  a  reaction  or  resistance  to  the  weight. 
This  may  "be  proved  by  making  a  small  puncture  at  the  furthest 
point  from  the  pressure,  when  the  air  or  water  will  issue  out 
with  force. 

The  upward  pressure  of  water  may  be  seen  on  plunging  the 
hand  into  a  jar  of  water,  when  the  water  will  press  it  upwards ; 
or  in  attempting  to  put  a  cork  into  a  bottle  which  is  filled  to 
the  brim  with  liquid. 

That  it  presses  equally  may  be  proved  by  a  simple  experi- 
ment. Let  A  (fig.  72)  be  a  close  vessel  iilled  with  water,  having 
two  tubes,  B  and  c. 
Say  that  b  will  admit 
a  cork  measuring  one 
inch  in  area,  into 
which  a  stick  is  fixed 
as  a  piston,  and  c 
admits  a  bimg  mea- 
sxuing  ten  inches  in 
area.  By  pressing 
upon  the  piston  at  b 
with  the  weight  of 
one  pound,  the  bung 
at  c  is  pushed  up  Fig.  72. 

with  a  force  of  ten  pounds ;  for  every  square  inch  in  the  vessel 
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is  acted  upon  with  a  force  of  one  pound.  Thus,  a  small  quan- 
tity of  water  confined  in  a  space  having  a  slight  pressure  on 
its  surface  may  act  as  a  mechanical  power  with  a  force  equal 
to  hundreds  of  pounds.  If  the  tube  b  hold  a  pound  of  water, 
and  it  be  poured  in,  the  cork  having  been  withdrawn,  the  same 
results  will  take  place  as  when  a  pound  of  pressure  is  applied 
to  the  cork.  Eiit  for  the  bung  to  rise  one  inch,  the  cork  must 
descend  ten  inches. 

Again,  siippose  only  one  tube,  measuring  ten  inches,  a  1001b. 
weight  apphed,  and  a  hole  made  in  the  side  or  bottom  of  the 
vessel  of  the  same  size  as  the  tube,  the  water  would  rush  out 
if  not  kept  in  by  a  force  equal  to  100  lb.  This  shows  that  the 
pressure  at  the  bottom  or  sides  is  equal  to  that  at  the  surface ; 
in  short,  the  same  in  all  dii'ections. 

Pressure  made  on  a  small  surface  is  multiplied  when  trans- 
mitted to  a  larger  one. 

The  best  illustration  of  this  is  thus  given : — A  b  c  D  (fig.  73) 
is  a  cylinder,  in  which, 
moving  freely,  but  water- 
tight, is  a  disc,  p  g,  at- 
tached by  a  rod  to  one 
end  of  a  beam :  a  tube  h 
is  closely  fitted  into  the 
cylinder.  A  measured 
quantity,  say  a  pint,  of 
water  is  now  poured  into 
the  cylinder,  which  is 
then  balanced  by  weights 
in  the  scale  l.  If  now 
the  rod  is  raised,  to  force 
some  water  into  the  narrow  tube,  the  water  will  appear  to 
weigh  more  than  it  did ;  additional  weights  must  be  added  to 
restore  the  equilibrium ;  and  if  twelve  inches  of  water  are 
forced  thus  into  a  small  tube,  three  pounds  will  be  added  to 
the  apparent  weight  of  the  same  volume  of  water. 

Perpendicular  Pressure. 

In  solids,  the  lower  atoms  of  matter  support  those  placed 
upon  them,  as  the  foundation  of  a  house  bears  the  whole  of  the 
lofty  pile  above.  The  same  rule  extends  to  fluids,  eveiy  layer 
of  atoms  having  to  bear  the  weight  of  those  resting  upon  them. 


Fig.  73 
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Tte  weight  of  solids  is  estimated  according  to  their  size  or 
quantity,  but  the  pressure  of  fluids  is  as  to  their  perpendicular 
height ;  hence,  to  estimate  the  pressure,  the  area  of  the  base 
is  multiplied  by  the  pei-pendicxdar  height  and  the  density  of 
the  particular  fluid.  Thus,  then,  if  -water  be  in  a  vessel  that 
slopes  from  the  bottom  to  the  rim,  the  pressure  will  gradually 
decrease  as  it  approaches  the  top,  for  every  upward  line  of 
atoms  acts  as  a  sepai'ate  column  sustaining  its  own  weight. 

If  a  tube,  one  inch  square  in  the  in- 
side, and  two  feet  long,  having  a  flap  at 
the  bottom,  attached  at  one  side  by  a 
hinge,  and  at  the  opposite  having  a  cord 
passing  over  a  pulley,  with  a  weight  hung 
from  it,  be  filled  with  water,  it  will  be 
found  that  this  column,  two  feet  high  and 
one  inch  square,  acts  with  a  force  of  nearly 
one  pound ;  so  that  we  may  generally  say 
at  any  depth,  every  two  feet  of  water 
presses  on  the  side  or  bottom  of  a  vessel 
with  a  weight  of  one  pound  on  every 
square  inch  (fig.  74). 

The  effect  of  the  increase  of  pressure  as 
to  depth  is  exemplified  in  the  weeks  of 
vessels  near  the  coast  where  the  water  is 
shallow;  there  they  float  to  the  surface, 
and  are  cast  on  the  shore;  whereas  in 
such  a  case  as  that  of  the  unfortunate  '  President,'  which  went 
down  in  deep  water,  the  pressure  was  probably  so  great  that 
the  water  filled  the  pores  of  the  wood,  and  became  so  heavy 
that  not  an  atom  of  the  wreck  floated  to  the  surface  to  point 
out  the  spot,  or  serve  as  a  memento  of  its  fate. 

If  we  watch  a  bubble  of  air  or  steam  rise  from  the  bottom, 
we  shaU  perceive  it  start  on  its  upward  journey  as  a  little  sil- 
very bubble ;  but  as  the  pressure  becomes  less,  the  size  in- 
creases, until  it  bursts  or  rests  at  the  surface. 

At  a  depth  of  ten  fathoms,  a  strong,  square,  empty  glass 
vessel  is  crashed  to  pieces. 

A  living  man  can  only  descend  to  a  certain  depth,  as  the 
pressure  of  deep  water  upon  the  elastic  air  contained  in  the 
chest  is  such  as  would  speedily  cause  death. 

As  fish  are  only  found  near  to  coasts  and  in  shallows  of  the 
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ocean,  it  is  supposed  that  a  light  atmosphere  of  water  is  more 
suitable  to  them  than  the  density  of  the  deep  valleys  of  their 
natural  element. 

Lateral  Pressure. 

Fluids  act  in  aU  directions,  pressing  downwards,  upwards, 
and  sideways.  The  force  that  water  exerts  on  a  square  inch  of 
surface  one  foot  deep  is  seen  to  be  |lb.,  on  two  feet  lib.,  on 
three  feet  1|  lb.,  on  four  feet  2  lb.,  on  jave  feet  2^  lb.,  on  six 
feet'  3  lb.,  and  so  on. 

But  in  lateral  pressure  there  is  this  to  be  taken  into  account, 
that  as  it  presses  against  the  upright  sides  less  at  the  top  than 
at  the  bottom,  to  find  the  amount  of  pressure  we  must  balance 
the  account,  and  the  tnie  force  against  the  whole  side  will  be 
found  to  be  that  which  acts  on  the  middle  part,  half-way  from 
the  top  and  bottom,  when  the  sides  are  perpendicular. 

Now,  if  we  take  an  open  square  vessel  full  of  water,  say 
twelve  feet  deep,  the  pressure  on  the  bottom  will  be  6  lbs.  per 
square  inch,  equal  to  864  lbs.  on  a 
squai'e  foot,  and  the  pressure  on  the 
side  half-way  do\ra,  that  is  sis  feet 
from  the  top  and  bottom,  exactly 
one-half,  or  3  lbs.  on  a  square  inch  ; 
because  the  six  feet  is  just  one-half 
the  depth  of  the  water  at  the  bot- 
tom, and  what  is  wanting  above  the 
six  feet  in  pressui-e  is  made  up  by  75. 
the  greater  stress  below,  hence  an  average  pressure  on  the 
whole  side  results.  The  lateral  prcssm-e  then  is  432  lbs.  on 
each  square  foot  of  the  side  (fig.  75). 

If  it  be  wished  (without  reference  to  pressure  on  the 
bottom)  to  know  the  pressure  on  the  sides  of  a  vessel  intended 
for  holding  water,  the  manner  of  doing  so  is  first  to  find  the 
area  of  the  sides ;  suppose  it  to  be  12  feet  deep  and  20  feet 
circumference,  multiply  12  by  20=240,  then  multiply  this 
product  by  half  the  depth  240  X  6  =  1440  ;  this  gives  the 
number  of  cubic  feet  of  water,  the  weight  of  which  presses 
against  the  sides ;  then,  as  before  stated,  a  foot  of  water 
weighing  1000  ounces,  the  amount  of  pressure  is  1440  x  1000 
=  1,440,000  ounces,  or  6000  ounces  on  a  foot. 

The  extent  of  the  breadth  or  length  of  the  water  makes  no 
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difference  in  the  pressure,  whether  it  be  a  foot  or  mUes ;  all 
depends  on  the  extent  of  the  side  acted  upon,  and  the  depth  of 
the  fluid. 

It  is  this  law  of  nature  that  enables  man  to  erect  gates  and 
banks  by  which  he  can  shut  out  the  ocean,  as  is  done  in  many 
maritime  ports,  and  in  Holland ;  to  keep  out  the  whole  body 
of  a  river  by  a  coft'er-dam,  while  he  sinks  a  foundation  and 
builds  the  buttress  of  a  bridge ;  and  to  carry  canals  over  moun- 
tains by  means  of  gates:  for  an  erection  requires  no  more 
strength  from  having  a  sea  pressing  against  it,  than  if  it  were 
a  small  quantity  of  water  of  the  same  depth ;  of  course  in  say- 

^  ing  this  we  do  not  take  into  account  the  force  of  the  sea  when 

m   agitated  and  driven  with  impetuosity  agaiast  the  erections  in- 
tended to  resist  its  encroachments. 

It  was  the  knowledge  of  the  laws  of  pressure  of  fluids  that 
caused  the  idea  to  be  entertained  of  forming  a  ship-canal  across 
the  isthmus  which  joins  North  and  South  America,  and  of 
stemming  out  at  one  side  the  IN^orth  Paciflc,  and  on  the  other 
the  North  Atlantic  Ocean,  with  as  much  ease  as  in  forming 
dock-gates  at  Sunderland  or  Southampton. 

As  the  pressure  of  fluids  depends  on  the  depth,  it  shows  the 
necessity  of  having  embankments  broader  at  the  bottom  than 
the  top,  the  hoops  of  vats  closer  and  stronger  near  the  base, 
and  canals  no  deeper  thau  necessary  to  float  the  vessels  that 
have  to  be  the  means  of  the  transit  of  goods  or  passengers. 

In  the  adjoining  figure  a  b  (flg.  76)  is  supposed  to  represent 
a  taU  vessel  full  of  water  and  kept 

^   so;  from  the  centre  is  drawn  a 

■  semicircle :   three  perpendicular 
lines,  cl3,  cl,  a  5,  are  also  drawn, 

1^  the  lower  and  uppermost  being  at         /  ...-J 
equal  distances  from  the  centre 
one.  When  the  plug  is  taken  out    /'  j-f'.^-^ 
of  the  centre  spout,  the  water  flies       i^-'  ""' 
as  far  as  m,  and  the  distance  n  m  'ig-  vo.  b 

is  double  d  3 ;  but  from  the  spouts  c  and  a  the  water  only 
reaches  to  k,  and  n  k  is  double  c  1  or  a  5. 

Thus  then  the  rule  is  learned,  that  the  horizontal  distance 
to  which  a  fluid  will  spout  from  a  horizontal  pipe  in  any  part 
of  the  side  of  an  upright  vessel  below  the  surface  of  the  fluid, 
is  equal  to  twice  the  length  of  a  perpendicular  to  the  side  of 
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the  vessel,  drami  from  the  mouth  of  the  pipe  to  a  semicircle 
described  on  the  altitude  of  the  vessel. 

Pressure  of  Water  on  the  Base  of  its  containing  Vessel  is  in 
proportion  to  its  Height  and  Base. 
If  a  vessel  in  the  form  of  the  diagram  be  fiUed  with  water, 
the  bottom  does  not  sustain  pressure  equal  to  the  weight  of  all 
the  water  it  contains,  but  only  as  if  there  were  a  column  of 
water,  the  same  size 
as  the  bottom  of  the 
vessel,  which  rose  up 
to  the  top.    Now,  if 
the  vessel  were  turned 
up,  and  had  a  bottom 

as  broad  as  the  top.  Fig.  77. 

and  a  top  as  narrow  as  its  base,  then  the  pressure  on  the  broad 
bottom  would  be  as  great  as  if  the  vessel  were  as  wide  at  the 
top  as  at  the  bottom.  In  this  case,  the  upright  column  which 
we  pointed  out  in  the  other  form  of  the  vessel  presses  sideways 
as  well  as  downwards,  and  thus  an  equality  of  pressure  on  the 
base  takes  place  (fig.  77). 

A  small  quantity  of  Fluid  may  haJance  a  large  quantity. 

From  the  above  fact,  that 
the  small  quantity  of  a 
pound  of  water  is  capable 
of  producing  a  pressure  of 
thousands  of  pounds,  arises 
what  is  commonlj'-  called 
the  hydrostatic  paradox, 
another  form  of  which  is 
the  hydrostatic  bellows. 

Suppose  two  boards,  each 
measui'ing  18  inches  one 
way  and  16  inches  the 
other,  to  be  joined  together 
by  leather  or  gutta  percha, 
perfectly  water-tight,  in  the 
same  manner  as  a  pair  of 
common  bellows ;  then  a 
pipe  3  feet  long  be  added, 
communicating  with   the  Fig.  78. 
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bellows,  which  pipe,  when  full,  will  hold  about  a  quartei'  of  a 
pound  of  water.  On  the  top  of  the  upper  board  jilace  a  3001b. 
weight,  and  pom-  water  into  the  small  pipe,  it  will  run  in  be- 
tween the  boards  and  i-aise  the  weight ;  by  continuing  to  pour 
in  water,  the  boards  will  be  raised  to  the  extent  that  the  lea- 
ther or  gutta  perclia  will  permit  them  to  separate,  and  the 
little  stream  of  water  that  remains  in  the  pipe,  weighing  a 
quarter  of  a  pound,  will  about  balance  the  3001b.  weight,  the 
water  not  being  forced  by  the  great  pressure  out  of  the  pipe. 
A  person  may  stand  on  the  bellows  and  blow  into  the  pipe, 
when  he  -will  raise  himself  up,  and,  by  placing  his  finger  on 
the  top  of  the  hole,  sustain  himself  thus  elevated  with  perfect 
ease  (fig.  78). 

Experiments  have  been  tried  on  strong  casks,  having  a  tin 
tube  twenty  feet  long  fixed  to  them,  water  being  poured  in 
until  they  were  filled,  and  it  rose  to  within  a  foot  of  the  top  of 
the  tube,  when  the  caslcs  burst  with  immense  force.  By  in- 
creasing the  length  of  a  tube,  and  filling  it  with  water,  a 
pressure  may  be  created  to  almost  any  extent.  "VVe  may  sim- 
plify th6  theory  of  such  residts  by  pursuing  the  subject  a  little 
further.  If  a  pipe,  exactly  the  same  size  as  that  used  to  pour 
in  the  water,  were  inserted  in  another  part  of  the  bellows  or 
cask,  the  water  would  rise  in  it  to  exactly  the  same  height  as 
it  stands  in  the  supplying  pipe  :  if  a  dozen  or  more  tubes  were 
inserted,  the  same  thing  would  occur  in  every  one  of  them. 
If  a  hole  were  made  the  same  size  as  the  bore  of  the  pipe, 
holding  the  quarter  of  a  pound  of  water,  and  the  finger  were 
placed  upon  it,  a  pressure  equal  to  that  of  a  column  of  water 
the  same  height  as  that  in  the  tube  would  be  felt ;  and  if  fiftj' 
or  more  holes  were  made,  every  one  would  offer  this  amount 
of  resistance.  Thus,  on  every  portion  of  the  inner  surface  gf 
the  cask  or  bellows  of  the  size  of  the  bore  of  the  supplying 
pipe,  there  exists  a  pressiu'c  equal  to  the  weight  of  the  water 
it  contains ;  and  by  multiplying  the  number  of  times  that  the 
size  of  the  bore  covers  the  surface  by  the  weight  of  the  water 
in  the  tube,  the  amount  of  pressure  is  ascertained. 

In  the  bellows,  which  we  cited  as  an  example,  one  quarter 
of  a  pound  of  water  in  the  jjipe  sustained  300  lb.,  or  1200 
quarters  of  a  pound ;  the  area  of  the  top  of  the  bellows  must 
therefore  be  1200  times  that  of  the  pipe  conveying  the  water. 
A-s  tlio  bore  of  the  pipe  is  diminished,  and  its  length  increased, 
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SO  is  the  power  of  raising  a  weight  multiplied,  Now  suppose 
the  bellows  were  fiUed  with  water,  and  then  a  pipe  screwed 
on  3  feet  high,  the  water  would  only  stand  in  the  pipe  to  the 
same  height  as  that  in  the  bellows ;  place  weights  upon  the 
bellows,  and  the  water  would  rise  up  in  the  pipe,  and,  as  just 
mentioned,  the  weight  woidd  have  to  be  3001b.  before  the 
water  would  reach  the  top  ;  lengthen  the  tube,  and  the  weight 
would  have  to  be  increased.  As  it  is  known  that  1000  ounces 
of  water  (or  62|  lb.)  measure  a  cubic  foot,  the  weight  of  water 
can  be  ascertained  in  poimds. 

The  hydrostatic  press,  invented  by  Mr.  Bramah,  is  one  of 
the  most  useful  and  powerful  applications  of  this  principle. 
It  is  used  by  printers  and  paper-makers  to  give  smoothness  to 
the  paper,  and  by  dealers  in  light  goods  to  compress  their 
articles  into  a  small  space  for  transit ;  also  as  a  machine  for 
raising  weights. 

cl  (fig.  79)  is  a 
small  forcing -pump, 
in  a  small  tank,  to 
drive  the  water  into 
(J,  which  is  a  stout 
cylinder.  A  closely- 
fitting  piston  in  the 
centre  moves  freely 
upwards  and  down- 
wards, but  allows  no 
water  to  escape  ;  on 
forcing  the  water  into 
/,  the  piston  is  driven 
upwards,  h  is  the 
handle  or  lever  by 
which  the  pumj)  is 
worked  ;  and  a  the 
pillars  for  supporting 
the  entablature,  and 
enabling  it  to  resist 
the  upward  pressure 
of  the  piston.  When 
the  desired  amount 
of  pressure  is  given, 
a    stop -cock    e  is 
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Fig.  80.— The  Hydrostatic  Press  used  to  raise  the  tubes  of  the  Britannia  Bridge. 
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turned,  and  the  piston  remains  at  rest.  As  soon  as  the  articles 
are  suj^poscd  to  be  sufficiently  pressed,  the  stop-cock  is  turned 
back,  and,  the  water  flowing  out,  the  piston  gradually  de- 
scends. In  this  machine  the  pressure  that  is  available  is  that 
on  the  bottom  of  the  piston,  and  the  force  employed  is  the 
pressure  on  the  water  at  the  bottom  of  the  piston  in  the  pump  ; 
the  power  employed  will  therefore  be  to  the  effect  produced 
as  the  area  of  the  base  of  the  small  piston  in  d  to  the  area  of 
the  piston  g.  ^Vhen  the  bore  of  the  pump  is  very  small,  and 
the  power  great,  the  force  may  amount  to  hundreds  of  tons. 
The  pump  in  this  case  acts  instead  of  a  long  tube,  containing 
a  small  column  of  water. 

Two  of  these  machines  were  employed  by  Mr.  Stephenson 
to  raise  the  immense  tubes  of  the  Britannia  Bridge  from  the 
Menai  Straits  to  their  proper  elevation.  Those  used  were  the 
most  powerful  ever  constructed,  weighing  forty  tons  each. 
The  sides  of  the  cylinder  were  eleven  inches  thick,  and  its 
weight  was  sixteen  tons.  The  piston  was  twenty  inches  in 
diameter,  and  the  pressure  upwards  of  eight  thousand  pounds 
per  inch !  One  press  was  perfectly  competent  to  raise  the 
tube  (1800  tons),  although  two  were  used.  The  pipe,  through 
which  the  water  was  forced  into  the  cy- 
linder, by  means  of  a  steam-engine,  instead 
of  the  power  of  a  man  pumping,  was  made 
of  cast  iron,  and  only  a  trifle  more  than  an 
inch  in  diameter,  and  its  bore  about  half  an 
inch  (fig.  81).  During  the  operation  one  of 
the  pumps  burst,  upon  which  the  skilful 
engineer  made  the  bottom  of  the  cylinder 
of  a  more  rounded  shape  than  it  had  on  its  81. 
first  construction ;  by  so  doing,  the  purap  proved  capable  of 
sustaining  the  immense  pressure  to  which  it  had  to  be  sub- 
jected. Such  was  the  force  with  which  the  water  was  driven 
into  the  cyHnder,  that  it  was  calculated  to  move  a  jet  to  a 
height  of  nearly  20,000  feet,  which  is  more  than  five  times  as 
high  as  the  top  of  Snowdon,  5000  feet  higher  than  the  summit 
of  Mont  Blanc,  and  nearly  fifty  times  higher  than  the  top  of 
St.  Paul's  in  London. 

If  two  pieces  of  wood  be  made  so  that  th(jir  surfaces  fit 
closely,  and  one  of  the  pieces  be  fastened  to  the  bottom  of  a 
vessel,  then  water  be  gently  poured  upon  them,  the  upper 
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loose  piece  vnW  remain  at  the  bottom,  because  tbe  water  presses 
down  upon  it  but  not  below ;  but  if  it  be  in  tbe  least  raised, 
so  as  to  allow  the  water  to  insinuate  itself  between,  then  it 
rises  to  the  surface,  because  there  is  an  equality  of  pressure, 
and  the  wood  being  lighter  than  the  water,  it  at  once  floats. 

The  immense  power  of  a  small  stream  of  water  is  one  of 
tlioso  means  which  nature  uses  to  rend  mountains,  he  they  of 
yielding  earth  or  stubborn  granite ;  a  small  quantity  insinu- 
ated into  a  crevice  biings  down  the  towering  cliff  of  hardened 
rock  in  fragments  to. 
the  valley  beneath. 
Thus,  ir  a  ca^■ity  b 
(fig.  82)  in  the  face 
of  the  hiU  a  a  has  no 
outlet,  but  is  supplied 
with  water  through 
the  fissures  c  c,  the  Fig.  82. 

face  of  the  hiU  towards  d  will  be  forced  outwards,  on  the 
cavity  b  filling,  with  a  power  proportioned  to  the  height  of  the 
fissures  c  c  and  the  interior  surface  of  the  cavity  b. 

If  a  strong  wall  of  masonry  b  b  (fig.  83)  be  erected  to  hold 
up  a  butting  in  the 
earth  c  c,  and  proper 
holes  d  d  he  not  left 
to  drain  off  the  water 
that  may  accumulate 
behind,  the  waU  will 
be  cast  down,  unless 


buUt  with  a  strength 


calculated  on  the  same 
principle  as  for  a  con- 
struction having  to 
sustain  a  greatweight 
of  water ;  in  fact,  as 
ah  engineer  would  es- 
timate a  dock- gate. 
In  many  parts  of 


Fig.  83. 


London,  during  an  extra  high  tide  or  much  rain,  drains  wiU 
burst,  and  throw  up  the  pavement  as  if  a  slight  earthquake  had 
rent  them,  which  arises  from  the  drains  becoming  choked,  and 
the  pressure  of  the  water  heaving  up  the  superincumbent  mass. 
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Equal  Pressure. 

As  air  presses  equally  on  all  parts  of  the  human  body  and 
other  substances,  so  does  water  on  any  substance  immersed  in 
it ;  thus,  if  a  piece  of  cork  be  sunk  a  great  depth,  it  wiU  retain 
its  former  shape  though  its  size  be  decreased  ;  this  is  from  the 
equality  of  pressure  on  all  its  parts ;  or  if  a  piece  of  soft  wax 
be  inserted  in  a  bladder  of  water,  and  a  great  weight  placed 
upon  it,  the  wax  Avill  not  be  changed  in  form,  from  the 
pressure  of  the  water  being  equal  on  all  sides. 

The  pressure  of  water  laterally  and  downward  has  been 
exemplified,  and  the  pressure  upwards  is  seen  by  its  rising  in 
any  hoUow  tube  placed  in  water. 

When  a  vessel  is  deep  in  the  water  and  unfortunately 
springs  a  leak,  from  upward  pressure  the  water  rushes  in  with 
all  the  force  of  a  column  of  water  the  size  of  the  hole  and  the 
height  to  the  water-mark.  As  the  vessel  becomes  fuller  and 
settles  down  nearer  to  the  height  of  the  water  outside,  the 
force  of  flowing  in  weakens,  and  ends  with  the  last  feeble  drop 
that  consigns  it  to  the  dejDths  of  the  ocean. 


CHAPTER  Y. 
HYDEAULICS. 

Tnis  name  is  from  two  Greek  words,  and  strictly  signifies  the 
art  of  conveying  water  through  pipes ;  it  has,  however,  in 
science  a  wider  range,  teaching  how  to  estimate  the  swiftness 
and  force  of  fluids  in  motion,  whether  produced  by  natural  or 
artificial  means. 

Of  Fluids  issuing  from  Orifices. 

Tlie  velocity  with  which  water  spouts  out  at  a  hole  in  the  side 
or  bottom  of  a  vessel,  is  as  the  square  root  of  the  depth  or  di- 
stance of  the  hole  below  the  surface  of  the  water.  But  this  rule 
is  not  quite  correct  in  practice,  owing  to  the  resistance  offered 
by  counter  currents  and  friction. 

In  the  last  chapter  we  pointed  out  the  pressure  of  water 
against  the  sides  of  any  A^essel  that  confined  it,  and  stated  that 
such  pressure  increased  on  the  sides  as  the  square  of  the  depth 
of  the  water. 

If  two  pieces  of  the  same  sized  pipe  be  fixed  in  a  vessel  full 
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of  water,  and  one  be  placed  four  times  as  far  from  the  surface 
of  the  water  as  the  other,  the  lower  one  wiU  deliver  just  twice 
as  much  water  as  the  upper  one,  at  nine  times  the  depth  a 
triple  quantity,  and  so  on ;  as  the  distance  is  increased  from 
the  surface,  so  is  the  quantity  of  water  discharged  increased. 

There  is  a  close  agreement  between  the  law  which  regulates 
the  motion  of  a  fluid  issuing  from  an  orifice,  and  that  which 
governs  the  descent  of  sohd  bodies  falUng  tlirough  space. 
TJie  velocity  with  tvhich  every  particle  of  afiuicl  issuing  from  an 
orifice,  whether  sideways,  upivards,  or  doivnwards,  arrives  at 
the  surface  of  the  earth,  is  equal  to  that  which  it  would  have 
acquired  by  falling perpemlicularly  from  the  level  of  thefiuid  to 
that  of  the  orifice.  Which  is  the  same  as  to  say,  it  is  as  the 
square  root  of  the  altitude.  The  fluid  in  issuing  Likewise 
obeys  the  general  law  of  the  motion  of  projectiles,  and 
describes  a  parabolic  curve. 

The  pressure  on  the  bottom  of  a  vessel,  if  the  sides  be  per- 
pendicular, is  eqiial  to  the  weight  of  the  fluid;  and  as  the 
pressure  on  any  one  side  is  equal  to  half  the  pressure  on  the 
bottom,  when  the  sides  and  bottom  are  equal,  the  pressure  on 
the  four  sides  and  bottom  of  a  square  vessel  is  equal  to  three 
times  the  weight  of  the  fluid.  Thus,  if  the  water  weighs 
12  lb.,  the  pressure  on  each  side  of  the  vessel  will  be  6  lb. 
which  multiplied  by  the  four  sides  is  equal  to  24  lb.,  add  to 
which  the  weight  on  the  bottom  12  lb.,  the  total  is  36  lb. 
pressure,  three  times  the  weight  of  the  fluid. 

The  pressure  against  the  side  of  a  vessel  increases  in  pro- 
portion to  the  square  of  the  depth;  but  in  water  spouting 
from  a  pipe,  the  velocity  increases  as  the  square  root  of  the 
depth ;  and  if  in  a  brewer's  vat  constantly  kept  full  there  were 
a  pipe  a  foot  below  the  surface,  and  it  was  desired  to  draw  off 
the  liquor  from  it  three  times  quicker,  another  pipe  wotdd  have 
to  be  placed  10  feet  from  the  top,  arid  if  four  times  faster,  17 
feet  fi'om  the  top,  as  before  named. 

The  friction  of  water  in  pipes  is  foimd  to  be  considerable, 
therefore  the  smoothest  material  is  always  chosen  for  their 
manufacture  ;  and  whenever  practicable,  when  large  supplies 
of  water  are  needed,  to  reduce  the  friction,  the  pipes  are  made 
enormous  in  size.  The  friction  in  an  inch-pipe  about  67  yards 
long  is  found  to  have  such  effect,  that  only  one-fourth  of  the 
water  will  be  discharged  that  would  pass  direct  from  a  hole  of 
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the  same  bore  made  in  a  thin  vessel.  The  most  advantageous 
application  for  the  discharge  of  water  is  that  of  a  short  pipe, 
in  length  only  twice  its  width  or  diameter. 

If  a  pipe  be  protruded  into  the  interior  of  a  vessel,  that  is, 
not  flush  with  the  sides,  the  discharge  of  water  is  diminished. 
To  ensure  a  free  egress  of  water  it  is  necessary  to  commence 
the  pipe  in  a  funnel-shape,  as  then  the  particles  of  the  water 
do  not  so  readily  cross  and  impede  each  other. 

Thus,  in  the  figures  annexed,  where  the  vessel  marked  a 
(fig.  84)  is  being  fpmjp 


i  lll'  i  ft  I'l  ii 


emptied  of  its  con 
tained  water,  cur- 
rents cross  each 
other  as  indicated 
by  the  arrows,  and 
much  impede  the 
rapid  flow  of  the 
water ;  but  in  the  Fig.  84. 

figure  marked  h,  having  a  funnel-shaped  mouth,  the  water 
flows  easily  and  rapidly,  the  sloping  sides  of  the  exit-pipe 
facilitating  the  flow. 

It  must  be  self-evident  on  the  slightest  reflection,  that  the 
velocity  of  water  running  out  of  a  vessel  which  receives  no 
additional  supply  will  continually  decrease,  in  proportion  as 
the  quantity  lessens,  from  the  siu-face  becoming  lower  and  the 
depth  less.  If  a  vessel  were  divided  into  36  spaces,  and  would 
empty  itself  in  6  minutes,  the  water  would  descend  through 
11  of  the  spaces  in  the  first  minute,  9  in  the  second,  7  in  the 
third,  5  in  the  fourth,  3  in  the  fifth,  and  1  space  in  the  sixth 
and  last  minute.  If  the  vessel  were  kept  full,  it  would  dis- 
charge as  much  water  in  half  the  time. 

The  flow  of  water  through  orifices  under  certain  and  uniform 
circumstances  is  so  steady,  that  prior  to  the  invention  of  clocks 
advantage  was  taken  of  it  to  regulate  and  indicate  the  divi- 
sions of  time.  The  contrivances  thus  used  were  called  dep- 
sifdrce  by  the  ancients.  The  most  simple  arrangement  was 
where  water  flowed  out  of  a  vessel  properly  graduated.  But 
as  we  have  just  shown  that  the  rate  of  flow  would  not  be 
uniform,  but  faster  when  the  vessel  was  full,  it  became  neces- 
sary to  adopt  some  contrivance  to  compensate  for  this  irregu- 
larity.  The  most  commonly  used  arrangement  for  this  purpose 
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■was  either  to  employ  a  vessel  smaller  at  the  bottom  end,  and 
this  divided  into  a  certain  number  of  equal  parts,  or  to  use  a 
vessel  of  the  same  diameter  throughout,  the  height  being 
divided  into  a  number  of  unequal 
parts,  the  least  division  being  nearest 
the  bottom.  These  plans  were  dif- 
ficult to  manage.  We  here  give  a 
dravring  of  a  most  ingenious  plan, 
by  which  the  water-clock  is  self- 
regulating,  the  design  of  Mr.  Part- 
ington; by  this  contrivance  equal 
quantities  of  water  are  discharged 
in  equal  spaces  of  time.  It  will  be 
perceived  that  the  siphon  (see 
PiSTiuMATics)  plays  an  important 
part  in  the  apparatus ;  it  forms  a 
good  example  of  the  adaptation  of 
piu:ely  philosophical  principles  to 
practical  purposes.  The  cylindrical 
tube  a  ,a  (fig.  85)  holds  the  water, 
which  serves  as  the  measuring  me- 
dium. A  cork  float  c  moves  up  and 
down  in  «  a  like  a  piston ;  the  leg 
of  a  siphon  b  b  passes  through  this 
float,  and  is  suspended  by  a  slight 
cord  over  the  pulley  cZ,  supported  by 
the  standard  e  e ;  the  weight  of  the 
float  or  sijjhon  is  nearly  counter- 
balanced by  the  weight  /.  A  pointer 
b  is  fixed  near  the  delivering  end  of 
the  siphon ;  this  marks  out  the  diAn.- 
sions  of  time  placed  at  the  side  of  the 
instrument.  It  is  obvious  that  as 
the  float  by  which  the  siphon  is 
supported  is  always  immersed  to  the 
same  depth  in  the  water,  the  outer 
leg  win  always  remain  in  the  same  Fig.  85.— The  Water-clock, 
relative  position  to  the  surface  of  the  water  in  the  tube ;  thus 
the  pressure  being  always  the  same,  the  flow  of  water  will  be 
uniform.  As  the  water  flows  out  of  the  cylinder  by  tho 
siphon,  the  float  and  siphon  fall,  and  the  pointer  consequently 
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indicates  the  hour.  The  water  discharged  from  the  siphon 
falls  into  the  box  m  m ;  and  when  required  to  be  replaced  in 
the  tube  the  instrument  is  inverted,  the  water  flowing  into  the 
cyHnder  through  the  valve  li,  which  opens  inwards,  allowing 
the  ingress  of  water,  but  preventing  it  from  leaving  the  cylinder. 

Flow  of  Water  in  Open  Channels. 

Water  in  rivers  and  canals,  the  bed  of  which  inclines,  flows 
on  in  obedience  to  the  law  of  gravitation.  But  its  velocity  is 
materially  lessened  by  friction  against  the  bottom  and  sides  of 
the  channel. 

Were  the  velocity  of  rivers  not  checked  by  friction,  their 
force  would  be  frightful.  The  Rhone,  from  900  feet  above  the 
level  of  the  sea,  Avould  pour  into  the  ocean  at  its  mouth  with 
a  velocity  of  240  feet  a  second,  or  164  miles  an  hour;  and  the 
Thames,  with  a  fall  of  100  feet,  54|  miles  an  hour.  The 
friction  increases  as  the  stream  proceeds,  until  the  flow  becomes 
limited  and  easy.  But  this  depends  on  the  quantity  of  descent 
in  a  given  distance,  and  the  proportion  of  the  surface  of  the 
bottom  to  the  quantity  of  water.  The  torrents  that  rush 
down  some  of  the  Alpine  steeps  at  the  rate  of  eight  miles  an 
hour  will  carry  with  them  stones  four  feet  in  diameter ;  when 
the  rate  is  two  miles  an  hour,  the  size  of  the  rolling  stones  is 
about  three  inches  in  diameter ;  and  when  reduced  to  a  quarter 
of  a  mile  an  hour,  small  sand  only  is  moved  along.  Thus 
rapid  rivers  are  stony,  slow  ones  sandy  or  muddy.  A  river  is 
most  rapid  in  the  centre  of  the  channel,  less  so  at  the  bottom 
and  sides  from  the  increased  friction.  This  is  the  reason  why 
ships  sailing  with  the  tide  go  into  the  middle  of  the  stream, 
and  those  sailing  against  it  keep  in  shore.  The  mean  velocity 
is  found  in  half  the  square  root  of  the  extreme  difference  of 
the  velocity  in  the  channel  and  at  the  bottom. 

The  rate  at  which  a  river  flows  may  be  estimated  by  placing 
against  the  stream  a  funnel  having  a  bent  tube ;  the  higher 
the  water  stands  in  the  tube  above  the  level  of  the  river,  the 
greater  the  velocity.  Some  persons  mark  with  a  watch  the 
time  taken  by  a  floating  body  in  passing ;  then  by  calculating 
the  width  and  depth,  making  some  allowance  for  friction,  they 
ascertain  the  quantity  of  water  and  velocity  of  its  passage. 

The  velocity  of  a  stream  or  river  varies  according  to  cir- 
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curastances.  "When  the  bottom  has  an  inclination  of  about 
four  inches  per  mile,  the  rate  at  which  the  water  flows  onward 
will  be  found  to  be  nearly  three  miles  an  hour,  A  long  straight 
river  will  be  always  found  a  rapid  one  ;  and  many  who  have 
studied  the  subject  can  form  a  pretty  near  estimate  of  the  rate 
of  the  current  by  merely  glancing  at  a  map  where  its  course 
is  laid  down. 

It  is  curious,  at  the  mouth  of  a  river  flowing  into  the  ocean, 
to  observe  the  meeting  waters  passing  in  different  directions ; 
thus  the  heavy  sea-water  will  be  flowing  in  while  the  Ught 
fresh  water  is  heaved  to  the  top  and  continues  flowing  out,  so 
that  there  appears  for  miles  out  to  sea  a  smooth  muddy  snake- 
like current  spread  over  the  vigorous  heaving  bosom  of  old 
Father  Ocean. 

Two  streams  which  meet  when  flomng  in  the  same  direc- 
tion, are  a  still  longer  time  in  mingling  their  waters.  They 
will  ran  side  by  side  for  a  considerable  distance,  each  carried 
on  separately  by  its  own  impetus.  The  greater  the  velocity 
of  the  currents,  the  longer  wUl  they  be  without  intermixing. 
This  curious  phenomenon  is  well  seen  where  a  muddj^  river 
meets  a"  clear  one,  as  in  the  confluence  of  the  Arve  and  the 
Ehone  near  Geneva,  and  of  the  Rhine  and  Main  at  Mayence. 

Motion  of  S7i!ps  Sailing. 

If  a  ship  be  sailing  at  the  rate  of  one  mile  an  hour,  it  dis- 
places so  many  particles  of  water  ;  if  it  sail  two  miles  an  hour, 
it  must  displace  twice  as  many  particles,  to  do  which  wiU. 
require  twice  the  force  to  accomplish :  but  in  doing  this,  not 
only  is  twice  the  force  required  to  attain  the  speed,  but  to  dis- 
place the  water  with  twice  the  velocity,  the  power  has  to  be 
again  doubled ;  thus,  then,  four  times  the  force  is  required ; 
therefore  it  is  as  the  square  of  the  velocity  of  the  moving 
body.  In  trebling  the  speed  a  force  of  nine  wiU  be  necessary ; 
and  four  times  the  speed  will  be  obtained  if  a  force  of  sixteen 
be  applied  to  overcome  the  rpsistance.  Then  in  steam  naviga- 
tion, if  a  20-horse  engine  propels  a  vessel  seven  miles  an  houi', 
a  40-horse  power  will  be  required  to  impel  it  ten  miles  an 
hour,  and  so  on,  which  causes  very  swift  steamers  to  occupy  a 
vast  amovmt  of  space  in  carrying  coal  for  their  engines. 

From  calcxdating  this  resistance,  it  is  found  that  sailing 
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vessels  can  hardly  attain  a  greater  speed  than  fifteen  miles  an 
hour. 


Fig.  80. 


"  This  law,"  says  Dr.  Amott,  "  explains  also  why  a  ship 
glides  through  the  water  one  or  two  miles  an  hour  when  there 
is  very  little  wind,  although  vdth  a  strong  breeze  she  would 
only  sail  at  the  rate  of  eight  or  ten  miles.  The  hundredth 
part  of  that  force  of  wind  which  drives  her  ten  miles  an  hour 
will  drive  her  one  mile  an  hour ;  and  the  four-hundredth  part 
will  drive  her  half  a  mile.  Thus,  then,  during  a  calm,  a  few 
men  pulling  in  a  boat  can  move  a  large  ship  at  a  sensible  rate." 

The  action  and  reaction  of  a  solid  and  a  fluid  is  felt  when  a 
ship  is  anchored  in  a  stream,  the  strain  upon  it  being  as  the 
square  of  the  velocity  of  the  current.  If  the  strain  on  a 
vessel  in  a  stream  having  a  speed  of  four  miles  an  hour  be 
equal  to  16  cwt.,  then  if  the  sti'eam  be  eight  miles  an  hour 
the  strain  will  be  64  cwt.  The  law  is  the  same  as  for  a  solid 
moving  in  a  fluid. 

Of  Fluids  luJiicJi  meet  ohlique  Surfaces. 
If  a  soHd  and  a  fluid  meet  obliquely,  the  cfl^ect  on  the  sur- 
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face  of  the  solid  is  always  perpendiciolar,  but  the  impidse 
received  by  the  force  is  -less  in  proportion  to  the  obliquity. 
This  is  explained  by  the  resolutmi  of  forces.  The  force  of 
the  fluid  is  resolved  into  two  others,  one  parallel  to  the  side  of 
the  body  impinged  upon,  the  other  perpendicular  to  it.  The 
latter  only  is  effective.  The  vanes  of  a  windmiU  directly  face 
the  wind,  but  the  blades  of  the  vanes  are  placed  obliquely 
from  the  thick  ai-m,  gradually  incHned  from  the  plane  of  their 
rotation  as  they  approach  the  axis ;  therefore  the  action  of  the 
wind  being  perpendicular  to  these  parts  of  the  surfaces,  the 
arms  are  chiven  onward,  and,  turning  round,  the  axle  commu- 
nicates motion  to  the  machinery.  In  some  windmills,  instead 
of  covering  the  vanes  with  canvas,  thin  wood  has  been  success- 
fully employed.  The  Chinese  often  have  wooden  sails  to  their 
vessels,  and  the  recent  triumph  of  an  American  yacht  with  a 
straight  ■stiS  sail  has  demonstrated  the  advantage  of  this  mode 
of  rigging.  The  subject  is  now  engaging  the  attention  of 
nautical  men,  and  we  should  not  be  surprised  if  some  day 
wooden  sails  were  adopted.  They  afford  considerable  facility 
in  their  management  compared  to  the  sails  now  prevalent.  If 
they  were  made  similar  to  a  Venetian-blind,  they  could  with 
case  be  furled  on  deck,  and  aU  the  effects  of  reefing  be  accom- 
plished by  timiing  them  edgeways  to  the  wind. 

It  is  on  the  resistance  of  a  fluid  to  the  oblique  surface  of  a 
moving  solid  that  depends  the  power  of  that  great  discovery  in 
modem  na^agation — the  Screw  Propeller.  In  1802,  Mr. 
Shorter  applied  a  propeller  like  the  sails  of  a  windmill  to  the 
intern  of  a  vessel  in  the  Thames.  Various  attempts  were  after- 
wards made  in  this  mode  of  propulsion,  and  in  1836  Mr. 
Smith  took  out  a  patent  and  built  a  vessel  for  the  working  of 
M-hich  there  was  a  screw  of  2  feet  diameter,  having  a  pitch  of 
2  feet  5  inches.  The  next  important  vessel  was  the  '  Archi- 
medes,' built  by  the  Eennies,  the  screw  of  which  had  two 
threads  opposite  to  each  other,  5  feet  9  inches  in  diameter  and 
8  feet  pitch.  Prom  this  time  the  subject  engaged  the  attention 
of  scientific  men,  and  the  angle  of  the  blades  of  the  screw  was 
owned  to  be  one  of  the  most  important  points  in  the  perfecting 
of  this  system  of  navigation.  Tlie  numerous  experiments 
that  have  taken  place,  seem  now  to  have  led  to  a  decision  in 
favour  of  the  angle  of  the  outer  edges  being  12^°  with  the 
plane  of  rotation — the  angle  of  the  vanes  of  a  windmill. 
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We  have  often  delighted  in  the  exercise  of  sculling  a  boat, 
that  is,  by  placing  an  oar  out  from  the  stern,  and  by  giving  the 
end  in  our  hands  a  motion  of  a  segment  of  a  circle,  driving  the 
boat  along ;  the  surface  of  the  oar  that  presses  the  water  is 
tui'ned  obliquely  backward,  and  the  reaction  of  the  water 
forces  the  boat  onward.  The  tails  of  fish  generally  act  in  a 
similar  manner,  while  the  fins  direct  the  motion. 

Of  Water  as  a  Motive  Power. 

Water  in  motion,  flowing  fi-om  ceaseless  springs,  and  teeming 
from  extensive  water-sheds,  in  its  passage  to  the  ocean  seeks 
a  coui'se  amid  the  valleys  of  the  earth.  The  weight  and 
momentum  contained  in  this  gift  of  nature,  man,  from  time 
immemorial,  has  endeavoured  to  turn  to  his  own  advantage ; 
and  although  the  steam-engine  has  stepped  in,  and  rendered 
this  power  less  important  than  heretofore,  yet  where  water- 
power  is  abundant  and  constant,  it  offers  the  desideratum  of 
economy,  for  various  purposes  of  industry.  Thus  the  princi- 
ples of  hydrauUcs,  combiued  with  laws  of  mechanics,  have 
been  studied  in  order  to  apply  water-power  to  advantage  in 
the  construction  of  wheels  to  turn  machinery. 

The  best  mode  of  appljing  the  power  of  water  to  wheels  is 
found  to  be  when  the  wheels  are  jilaced  vertically,  having,  of 
course,  their  axis  of  rotation  horizontal.  The  different  wheels 
are  designated  according  to  the  part  of  the  periphery  or  cir- 
cumference on  which  the  water  acts, — undershot,  overshot,  high 
and  low  breast  wheels.  The  undershot  wheel  (fig.  87)  is  above 
the  stream,  dipping  in  it  below,  and  the  running  water  ope- 


Fig.  87. — ^Undershot  wheel.  Fig.  88. — Overshot  wheel, 

rates  against  a  series  of  flat  boards  placed  around  the  outside, 
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by  Avhich  it  is  driven  round.  The  overshot  wheel  (fig.  88)  is 
that  ia  which  the  water  flows  xipon  the  wheel  from  a  higher 
level  than  the  wheel,  and,  falling  into  buckets  or  recesses,  by- 
its  weight  presses  the  wheel  downwards,  which,  emptying  in 
its  descent,  retams  upwards  light ;  and  thus  having  a  light 
and  heavy  side,  motion  is  given  to  the  wheel.  A  breast  wheel 
is  when  the  fall  of  water  is  lower  than  the  diameter  of  the 
wheel ;  this  pouiing  on  the  wheel  above  its  axis,  it  is  called 
liiyli  breast ;  and  upon  a  lower  part  of  the  circumference,  low 
breast.  It  must  be  obvious  that  it  depends  chiefly  on  the 
diameter  of  the  wheel  whether  the  water  falls  above  or  below 
the  axis.  In  these  wheels  both  the  momentum  and  weight  of 
the  water  act  in  creating  motion. 

If  water  flowing  from  a  mill-race  be  3  feet  broad  and  2  feet 
deep,  at  a  rate  of  4  miles  an  hour,  in  an  undershot  wheel, 
multiply  3  by  2,  that  is  the  depth  and  width,  this  is  6.  For 
the  4  miles  which  flow  in  an  hour  we  have  21,120  feet,  this 
divided  by  60  gives  352  feet  per  minute ;  then  multiply  352 
by  6,  and  the  number  of  feet  of  water  passing  under  the  wheel 
per  minute  is  2112.  But  as  the  pressure  of  water  is  only 
equal  to  half  the  area  of  the  float,  the  whole  pressure  per 
minute  will  be  the  half  of  2112,  or  1056  feet ;  and  as  a  cubic 
foot  of  water  weighs  62|  lb.,  its  labouring  force  is  66,000  lb. 
per  minute,  or  3,960,000  lb.  per  hour.  But  in  an  overshot 
wheel  there  are  great  advantages,  as  the  weight  of  the  water 
acts  on  the  wheel  through  a  larger  space;  and  in  the  breast 
wheel  there  is  the  advantage  of  a  perpendicular  column  of 
water. 

Much  ingenuity  is  exercised  in  the  form  and  position  of  the 
buckets  to  receive  the  water;  also  the  angle  at  which  the 
water  should  be  laid  on  has  been  a  matter  of  discussion.  In 
this  country  it  is  thought  to  be  best  at  52|  degrees  from  the 
summit ;  while  the  French  consider  60  degrees,  that  is,  30 
degrees  above  the  horizontal  plane  passing  through  the  axle  of 
the  wheel,  as  most  productive  of  power. 

Rennie  increased  the  width  and  diminished  the  depth  of  the 
buckets  of  water-wheels ;  he  also  applied  the  descending 
shuttle  by  which  the  flow  of  water  is  regulated  over  the  upper 
edge,  so  as  to  obtain  the  full  benefit  of  the  fall,  instead  of 
passing  under  the  shuttle,  whereby  some  of  the  fall  was  lost ; 
and  by  augmenting  the  velocity  of  the  peripheiy  or  circum- 
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ference  from  3  feet  to  5  feet  per  second,  realized  nearly  75  per 
cent,  of  the  power. 

Of  the  Motions  of  the  Sea. 

The  movements  of  the  mighty  mass  of  waters  which  extend 
over  by  far  the  larger  moiety  of  the  siu'face  of  our  earth,  are 
many  and  varied  in  natiu'e,  but  all  of  vital  importance  to  those 
who  have  to  journey  on  its  surface,  as  they  are  frequently  pro- 
ductive of  danger  to  the  frail  fabrics  to  which  these  must  needs 
trust  themselves.  The  constant  movements  of  the  ocean  are 
tides  and  currents ;  the  accidental,  waves  and  storms.  The 
diurnal  flow  and  ebb  which  we  call  tide  has  its  cause  in  the 
attraction  exerted  by  the  heavenly  bodies,  especially  the  sun 
and  moon,  on  the  loose  mass  of  liquid  forming  the  ocean.  The 
moon  has  the  most  to  do  with  these  tides,  being  so  much  the 
nearest  to  the  earth.  Their  daily  recurrence  and  occasional 
increase  depend  upon  this  satellite,  as  weU  as  on  the  motions 
of  the  earth  and  sun,  their  vaiiation  being  caused  by  the 
var}^iiig  astronomical  relations  of  these  three  orbs. 

Owing  to  its  peculiar  geographical  position,  the  Mediter- 
ranean sea  has  no  tide,  but  rushes  into  the  Atlantic  through 
the  Straits  of  Gibraltar  in  the  direction  of  the  moon's  motion 
from  east  to  west. 

Besides  the  tidal  motions,  there  are  certain  oceanic  cxu'rents 
of  the  greatest  importance  in  navigation.  These  depend  upon 
special  local  causes  continually  iu  action — as,  differences  of 
level,  the  poui'ing  in  of  great  rivers,  the  heat  of  the  tropics 
and  the  cold  of  the  poles,  opposition  by  masses  of  land,  the 
rotation  of  the  globe,  and  certain  prevalent  winds. 

The  heat  of  the  equator  and  the  movement  of  the  globe 
cause  an  immense  mass  of  water  to  be  du'ected  against  the 
coast  of  America,  striking  against  the  shores  of  the  Gulf  of 
Mexico  ;  this  cui'rent  is  deflected  eastward,  and  taldng  a  du-ec- 
tion  towards  the  British  islands,  forms  the  great  Gulf-stream. 
Oceanic  currents  which  meet  in  an  oblique  manner,  may  form 
dangerous  eddies  or  whirlpools — as  those  off  the  coast  of  Sicily, 
so  dreaded  and  so  exaggerated  by  the  timid  mariners  and 
romances!  of  ancient  times  under  the  names  of  Charybdis  and 
Scylla  ;  or  that  more  really  terrible  one  off  Lofoden  in  Norway, 
the  Maelstrom.  These  vortices  depend  much  also  on  a  certain 
concurrence  of  wind  and  tide.    And  it  adds  to  a  storm  in 
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siicli  regions  an  additiontil  terror  of  no  mean  impoi't,  to  Icnow 
that  a  ship  which  is  di-ifting  helplessly  towards  a  certain  spot 
of  the  ocean,  will,  as  soon  as  it  arrives  there,  be  sucked  down 
by  the  remorseless  eddy  into  the  very  bowels  of  the  deep. 

Waves  are  accidental  movements  of  the  siu'face  of  the  sea, 
because  they  cannot  be  said  to  exist  when  the  atmosphere  is 
perfectly  still :  the  surface  is  then  calm.  But  wind,  or  any 
motion  of  air,  produces  a  perturbation  of  a  surface  of  water, 
which  is  greatest  when  that  surface  is  extensive.  The  wavelet 
caused  by  blowing  on  a  tumbler  of  water,  or  that  which  spreads 
cii'cularly  fi'om  a  fall  of  a  stone  into  a  mill-pond,  are  explained 
in  the  same  manner  as  the  imposing  foam-crested  elevations 
beheld  in  the  sea  as  it  rvishes  towards  the  shore.  There  are 
successive  and  continuous  intervals  of  action  and  reaction. 
A  part  of  the  surface  is  depressed  and  pushed  forward  by  the 
wind,  in  front  of  it  the  Avater  heaves  up.  Eeacting  in  obedi- 
ence to  the  laws  of  gravitation,  the  depressed  part  rises,  the 
elevated  ridge  falls.  The  wind,  still  blowing,  causes  a  second 
reaction-,  and  so  on.  The  appearance  of  the  whole  surface  is 
as  if  a  number  of  waves  moved  onward  in  one  direction. 

But  the  water  that  forms  a  wave  does  not  necessarily  move 
onwai-ds  ;  it  is  only  the  surface  which  rises  and  falls  rhythmic- 
ally, just  as  when  we  spread  a  long  carpet  or  piece  of  cloth 
on  the  floor,  and  shake  it  from  one  end, — the  mode  practised 
in  di'amatic  representations  of  the  ocean's  waves.  The  motion 
of  the  waters  moving  progressively  onwards,  on  arriving  at  a 
beach  they  curl  over,  and  the  communicated  force  they  contain 
expends  itself  by  friction  against  the  shore.  The  average 
height  of  a  wave  is  about  12  feet,  added  to  which  is  the  hollow 
of  12  feet,  or  as  it  is  called  "trough  of  the  sea,"  giving  an 
appearance  of  24  feet  in  height.  During  some  storms  in  the 
Atlantic,  Dr.  Scoresby  measured  waves  43  feet  above  the  level 
of  the  hollow  occupied  by  the  ship,  and  states  that  the  average 
waves  are  15  feet  high,  while  the  peaks  of  crossing  or  crests 
of  breaking  seas  would  shoot  up  10  or  15  feet  higher.  From 
crest  to  crest  he  estimates  the  mean  distance  at  about  559 
feet ;  the  rate  at  which  they  travel,  about  790  feet  in  sixteen 
seconds  of  time ;  and  the  breadth  of  the  waves  220  feet. 

Thus  docs  science  measure  and  mark  nature  in  her  calmest 
and  stormiest  moods.  It  will  be  seen  from  what  we  have 
stated,  that  when  a  vessel  is  made  of  an  extraordinary  lengtli, 
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its  stem  and  stern  may  reach  from  wave  to  wave,  and  the 
midships  be  left  unsupported  by  the  sea,  which  must  endanger 
the  safety  of  the  vessel,  it  being  then  apt  to  hrealc  its  back,  as 
nautical  men  say.  But  the  machinery  of  large  steam-vessels 
rests  on  bridges  of  iron  that  span  the  vessel's  length,  gi\dng 
strength  to  the  midships. 

Voyagers  to  Madras  tell  us  of  the  vast  waves  continually 
breaking  on  the  coast,  which  create  a  dangerous  sm-f,  extend- 
ing some  distance  from  the  shore.  As  there  are  no  harbours, 
the  mails,  and  sometimes  passengers,  have  to  be  landed  in 
little  rude  vessels,  called  catamarans,  tliat  are  diiven  through 
the  surf ;  the  boatmen  are  often  washed  off  them,  but  being 
accustomed  to  theii'  management,  and  practised  in  s^vimming, 
they  regain  their  places,  and  preserve  their  cargo,  with  won- 
derful skiU.  A  small  river  runs  from  the  shore  into  the  sea ; 
and  many  an  attempt  has  been  made  by  the  engineers  visiting 
this  important  presidency,  to  render  this  available  for  the 
purposes  of  a  harboui',  but  as  yet  fruitlessly.  Captain  Chisholm 
having  observed  a  balk  of  teak  wood,  that  had  been  diiven  by 
the  force  of  the  ocean  into  the  shore,  withstand  the  raging  of 
the  surf  for  some  years,  contrived  a  pier  of  timber  to  extend 
beyond  the  broken  water,  by  which  passengers  and  goods 
might  at  all  times  be  landed. 

A\Tien  the  ocean  tide  meets  the  rapid  stream  of  a  powerful 
river,  the  former,  being  the  stronger,  rises  up  like  a  wall,  and 
rushes  with  irresistible  force  along  the  coast.  This  is  named 
the  bore;  it  often  causes  great  injury  to  shipjjing;  it  is  com- 
mon near  the  mouths  of  the  Ganges,  whence  its  effects  are  felt 
to  a  considerable  distance.  On  a  smaller  scale,  it  forms  a 
familiar  phenomenon  ia  many  British  rivers. 

On  Machines  for  lifting  Water. 

The  method  of  drawing  up  water  by  exhaiisting  a  tube  of 
air,  as  in  the  common  pump,  will  be  presently  treated  of  in 
the  chapter  on  Pnetjmaxics.  We  may  now  speak  of  some 
simpler  machines  that  do  not  call  into  operation  the  agency  of 
the  atmosphere. 

The  most  pristine  mode  of  which  we  have  any  knowledge 
is  that  at  present  employed  by  the  market-gardeners  around 
London.  It  consists  of  a  long  pole  placed  horizontany  and 
balanced  on  an  axle  at  the  top  of  another  long  pole,  or  an  ad- 
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jacent  stem  of  a  tree,  standing  upright.  The  bucket,  sus- 
pended over  the  well  from  a  rope  attached  to  one  end  of  the 


Fig.  89. 

horizontal  pole,  being  dropped  to  the  bottom  and  filled,  in  the 
action  of  which  the  end  of  the  pole  where  the  bucket  is  fixed 
sinks  down  and  the  other  end  lises,  a  man  having  hold  of  a 
short  rope  fastened  to  the  part  of  the  pole  now  elevated,  pulls 
it  down,  and  the  bucket  rises  from  the  well  (fig.  89).  This  is 
a  speedy  method  in  comparison  to  the  winch  and  axle,  and 
answers  excellently  where  the  water  is  at  no  great  depth. 

The  commonest  mode  of  raising  water  from  wells  is  that  of 
coUing  a  rope  by  means  of  a  winch  or  handle  round  an  axle. 
The  power  required  to  lift  the  water  is  as  the  circumference  of 
the  axle  to  the  circumference  of  the  circle  described  in  turning 
the  handle.  If  the  latter  be  twelve  times  the  size  of  the  former, 
then  one  pound  at  the  handle  will  raise  twelve  pounds  at  the 
axle ;  therefore  the  less  the  axle,  and  the  longer  the  handle,  the 
ea.sier  is  the  work.  Those  who  have  tried  this  mechanical 
operation  are  aware,  that  if  the  well  be  deep  the  rope  or  chain 
has  to  coil  again  and  again  over  the  axle,  and  as  the  bucket  ap- 
proachas  the  top  the  work  becomes  harder,  and  more  strength 
has  to  be  applied.  This  arises  from  the  rope  or  chain  increasing 
the  size  of  the  axle,  and  lessening  the  difference  of  the  circum- 
ference of  the  circle  of  the  handle  in  proportion  to  the  axle. 

The  accompanying  diagram  (fig.  90)  shows  a  method  of  rai- 
sing water  in  a  somewhat  similar  manner  to  that  of  dredging 
up  the  mud  and  gravel  at  the  bottom  of  rivers.    A  series  of 
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buckets,  cc  cc,  are  attached  to  a  rope  or  chain  "whicli  passes 
round  two  pulleys,  or  rather  wheels,  a  and  h,  the  lowest 
being  sunk  in  the  water  that  is  to  be  raised.    On  tui-ning  a 


Fig.  90.— The  Bucket-machine.  Kg.  91.— The  Chain-piimp. 

handle  fixed  in  the  wheel  a,  the  buckets  rise  on  one  side,  and 
descend  on  the  other  in  the  direction  of  the  arrows.  The 
buckets  that  are  raised  up  are  full  of  water,  and  on  arriving  at 
the  wheel  a,  in  turning  round,  it  is  turned  out  into  the  trough 
e,  and  led  away  by  the  pipe  d.  This  is  called  the  "  Bucket 
Machine." 

The  plan  we  have  just  described  is  improved  upon  (fig.  91) 
by  having  flat  boards  attached  to  the  rope  or  chain  instead  of 
buckets.  Passing  over  the  wheels  a,  h,  these  are  made  closely 
fitting  to  a  long  tube  or  box  a  a ;  on  the  boards  rising  from 
the  wheel  h,  they  carry  the  water  above  them  in  the  manner 
of  a  piston  of  a  pump  with  a  closed  valve ;  and  on  reaching 
the  trough  e  e  the  water  flows  in,  having  borne  more  upwards 
than  could  have  been  done  by  a  proportionally  sized  machine 
with  buckets.  They  are  found  to  answer  well  in  ships,  and 
are  called  chain-pumps. 
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An  extremely  simple  mode  of  raising  water  in  opposition 
to  its  gravity  is  the  following : — 
A  rough  hair  flat  rope  //  (fig.  92) 
passes  over  two  wheels  a,  e,  when 
by  the  friction  created  by  rapidly 
turning  the  handle  c,  a  quantity 
of  water  is  raised  to  the  trough  6  h, 
from  whence  it  is  discharged  by 
the  spout  d.  The  ascending  rope 
passes  through  a  wide  aperture  at 
the  top,  but  on  the  opposite  side 
is  squeezed  through  a  small  tube, 
by  which  the  water  is  retained. 
Instead  of  the  handle  a  band  may 
be  afiixed,  which  is  moved  by 
steam-power.  These  machines  are 

found  to  succeed  when  the  height  z^^~~  ^l^fl  ^  

the  water  has  to  be  raised  does  ^ 
not  exceed  ten  feet. 

The  fens  of  Lincolashire  are 
considerably  below  the  level  of 


rig.  92. 


the  sea,  and  are  known  to  be  saturated  with  water ;  many  are 
the  contrivances  to  drain  the  land,  so  that  it  may  be  rendered 
subservient  to  the  pui-poses  of  agriculture.  The  most  success- 


Fig.  93. 

ful  method  is  that  of  water-wheels  (fig.  93).  One  of  these  being 
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placed  in  the  water,  and  having  floats  or  buckets  around  its  cir- 
cumference, not  radiating  from  the  centre,  but  as  tangents  in  a 
small  circle  set  in  motion  by  one  of  Boulton  and  "Watts'  engines, 
can  raise  a  large  body  of  water  four  feet  in  height ;  at  some 
distance  on  this  higher  elevation  a  similar  wheel  is  placed,  and 
thus  throughout  the  district  the  water  is  gradually  raised  four 
feet  at  each  wheel :  the  effect  of  this  system  has  been  so  ex- 
traordinary, that  the  land  in  the  country  of  the  fens  is  now 
found  to  be  eight  inches  lower  than  it  was  twenty-four  years 
ago. 

The  visitors  at  the  Great  Exhibition  of  1851  were  struck 
with  astonishment  at  the  operations  of  the  centrifugal  pumps 
there  in  action.  The  action  of  such  a  machine  is  as  foUows :  — 
If  we  suppose  a  a  (fig.  94)  to  be  the  well  from  which  the 


Fig.  94, — The  Centrifugal  Pump. 


supply  is  to  be  drawn,  let  a  pipe  6  6  be  allowed  to  rotate  on 
a  centre  at  the  bottom  of  the  well,  as  at  the  "  step"  shown  in 
the  drawing,  and  have  motion  communicated  to  it  by  a  band 
passing  over  the  pulley  g,  and  connected  with  a  prime  mover 
near  the  top  of  the  vertical  pipe  hh;  let  two  arms  or  pipes  d 
be  placed  communicating  with  the  iaterior  of  h  b,  but  at  right 
angles ;  let  these  arms  be  open  at  the  ends  e  e,  and  be  above  a 
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trougli  supported  by  the  frame  7t  h.  On  filling  the  tube  h  h 
■with,  water,  which  is  prevented  from  passing  out  by  the  closing 
of  the  valve  c  at  the  aperture  at  the  bottom  of  the  pipe  b  h, 


and  turning  it  by  the 
pulley  g,  the  arms  d  d 
rapidly  revolve,  the 
centrifugal  action  will 
throw  out  the  water 
by  the  ends  e  e  into 
the  trough  or  box, 
and  this  will  pass  off 
by  the  pipe  /;  as  the 
water  is  withdi-awn 
from  the  top  of  the 
vertical  tube  by  being- 
passed  through  e  e, 
more  water  is  drawn 
through  the  valve  c, 
and  by.this  means  the 
supply  is  continuous 
so  long  as  motion  is 
imparted  to  the  tube  ; 
the  valve  c  closing 
whenever  the  tube  is 
stopped,preventswater 
passing  out,  and  con- 
sequently does  away 
with  the  necessity  of 
filling  the  tube  each 
time  it  is  required  to 
be  worked. 

Amid  the  machinery 
at  the  Great  Exhibi- 
tion, towering  above 
other  objects  by  rising 
to  the  roof  of  the  build- 
ing, was  a  wooden 
pipe,  in  appearance 
like  a  chimney-shaft, 
from  which,  sometimes 
about  half-way  up,  at  other  times  near  the  top,  rushed  a  broad 
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m  fig.  96.    A  vertical 


Fig.  97. 


sheet  of  water  which  engaged  the  attention  of  the  visitors; 
this  was  Appold's  Eotary  or  Centrifugal  Pump. 

The  outward  portion 
of  this  pump  consisted 
of  an  upright  shaft,  7 
feet  6  inches  broad,  1 
foot  wide,  and  about 
22  feet  high ;  fig.  96 
is  a  vertical  section,  fig. 
97  a  front  view.  At 
the  bottom  of  this  was 
a  tank  of  water.  The 
first  outlet  for  water 
was  1  foot  high ;  the 
second  10  feet,  with  an 
area  of  576  superficial 
inches ;  and  the  third 
17  feet  above  the  sur- 
face of  the  water,  with 
an  area  of  1008  super- 
ficial inches :  each  out- 
let had  valves ;  the 
middle  one  is  seen  open 


pipe  carried  olf  the 
water  to  a  lower  tank. 

Fig.  95  represents  a 
hoUoAV  disc  or  cylinder, 
12 inches  diameter, with 
a  round  opening  in  the 
centre,  6  inches  dia- 
meter ;  the  rim  mea- 
sured 3  inches  in  width, 
which  was  open  all 
around  it;  the  other 
parts  of  this  disc,  ex- 
cepting the  centre,  were 
enclosed.  The  water  in  the  tank  was  drawn  into,  or  received, 
at  the  sides  of  the  circular  opening  of  the  disc  of  6  inches  dia- 
meter, and  passing  between  the  haK-circular  blades  to  the 
rim,  was  thrown  into  an  iron  case  enclosing  the  disc ;  this 
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case  had  an  opening  at  the  top  of  63  superficial  inches,  through 
which  the  water  was  cast  upwards. 

Is^'ow  we  know  if  we  tiu-n  a  mop  that  has  heen  dipped  in 
water  quickly  round,  the  water  is  di'iven  off  to  a  distance  pro- 
portionate to  the  velocity  given  in  the  trundling  ;  and  this  it 
■will  he  seen  is  the  principle  of  the  centrifugal  pumps.  We 
may  also  illustrate  it  by  corn  di'opped  in  the  middle  of  two 
stones  when  in  revolution ;  the  flour  rashes  off  to  the  edges : 
hence,  when  water  is  thus  propelled  from  a  centre,  if  not 
allowed  to  fly  off,  by  being  confined  ia  a  case,  wherever  it  can 
find  an  outlet,  there  will  it  go ;  if  an  upright  tube,  it  rushes 
up  that  as  a  means  of  escape.  The  disc  was  placed  upright  at 
the  bottom  of  the  shaft,  with  a  spindle  passing  through  its 
centre,  the  other  end  of  which  projected  at  the  back  part,  and 
had  on  it  a  wheel,  12  inches  diameter ;  around  the  wheel  was 
a  band  connected  with  steam  machinery,  having  an  8-|-inch 
diameter  cylinder  of  2  feet  2  inches  stroke.  With  a  pressure 
of  steam  of  28  lb.  on  the  square  inch,  giving  a  velocity  to  the 
piston  of  250  feet  per  minute,  the  disc  made  800  revolutions 
in  a  minute ;  which,  if  we  midtiply  by  the  circumference,  that 
is,  three  times  and  nearly  one-seventh  of  the  diameter,  in  even 
figures,  3  feet  1|  inch,  the  velocity  of  the  rim  would  be 
equal  to  2516  feet  8  inches  in  a  minute  (reaUy  2512  feet). 
If  we  desired  to  know  the  siiperficial  area  thus  produced  for 
the  outlet,  the  way  is  to  multiply  the  number  of  feet,  2512, 
by  the  width  of  the  disc,  3  inches,  that  is,  7536  ;  divide  this 
by  12,  to  reduce  to  feet,  and  the  result  is  628  per  minute.  To 
return  to  the  disc ;  it  was  stated  to  be  12  ruches  diameter  and 
3  inches  deep.  A  cylinder  1  foot  high  and  1  foot  in  diameter 
contains  1357  and  a  fraction  cubic  inches ;  this  must  be  di- 
vided by  4,  as  the  disc  is  only  the  fourth  of  a  foot  deep,  and 
the  result  wiU  be  a  Httle  over  338  inches ;  a  gallon  contains 
over  277  cubic  inches ;  hence  we  find  that  the  disc  wiU  hold 
one  gallon  and  nearly  a  quarter.  So  that,  if  the  disc  throws 
this  quantity  of  water  from  it  800  times  a  minute,  it  delivers 
in  that  space  of  time  1000  gallons. 

Mr.  Appold  states  : — "  From  the  results  of  various  experi- 
ments, it  has  been  found  that  the  loss  of  power  would  not  be 
more  than  thirty  per  cent.  The  centrifugal  force  is  not  so 
much  in  the  large  diameter,  on  account  of  the  water  moving 
more  in  a  straight  line ;  but  that  is  compensated  for  by  the 
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force  being  applied  to  a  greater  depth  of  water,  being  5  feet 
in  the  20-feet,  and  only  3  inches  in  the  1-foot.  159  revolu- 
tions with  the  1-foot  will  raise  the  water  1  foot  higher,  without 
discharging  any;  318  revolutions,  4  feet;  636  revolutions, 
16  feet;  and  1272  revolutions,  64  feet  high.  The  highest 
elevation  to  which  the  water  has  been  raised  with  the  1-foot 
pump  is  67  feet  8  inches,  with  1322  revolutions  per  minute ; 
being  less  than  the  calculated  height,  which  may  be  accounted 
for  by  leakage  with  the  extra  strain. 

"  'V\1iile  the  1-foot  pump  is  raising  8  tons  of  water  5  feet 
6  inches  per  minute,  there  is  no  greater  strain  on  any  part  of 
the  pump  than  160  lb.  on  the  6-inch  drum^  which  is  equal  to 
a  leverage  of  3  inches.  It  wiU  pass  almost  anything  that  is 
small  enough  to  go  through,  there  being  no  valves.  A  quan- 
tity of  walnuts  (about  half  a  gallon)  were  thrown  into  the 
l-ibot  pump  aU  at  once,  when  it  was  at  full  speed,  and  they 
passed  through  without  breaking  one." 

There  are  other  methods  of  raising  water,  which,  more  for 
their  ingenuity 
than  utility,  we 
may  notice  here. 
One  is  named  the 
"  Horn  drum:"  ccc 
(fig.  98)  are  arms 
bent  in  the  manner 
that  gives  the  ap- 
pellation to  the  ma- 
chine ;  these  form 
scoops,  and  radiate 
from  a  hoUow  axle 
a.  "When  the  wheel 
is  set  in  motion,  the 
scoops,  dipping  into 
the  water  b  b,  raise 
some  up,  which,  as 
the  wheel  rotates, 
falls  towards   the  Fig.  98. 

hoUow  axle,  and,  there  being  holes  in  it,  passes  to  the  middle? 
from  whence  it  flows  into  the  trough  cl  d,  and  is  then  con- 
veyed away  as  required.  It  is  to  be  seen  in  operation  on  the 
banks  of  the  Nile,  one  of  many  such  sights  showing  that  a 
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people  once  the  source  of  civilization  and  science,  are  now 
outstripped  by  the  energy  of  nations  lately  risen  into  exist- 
ence. 

The  Persian  -wheel  is  a  modification  of  the  preceding  one. 
It  is  used  in  running  streams,  and  has  floats  on  one  side,  similar 
to  those  of  the  paddles  of  a  steam-vessel,  by  vrhich  motion  is 
given  to  the  wheel.  On  the  wheel  a  a  are  suspended  a  number 
of  buckets  c  c  c  (fig.  99),  by  means  of  strong  pins ;  on  the  wheel 


Fig.  99. 

turning  round,  these  descend  into  the  water  g  g,  and  become 
filled;  as  they  rise,from  swinging  freely  on  the  pins,  their-  weight 
keeps  them  in  an  upright  position.  On  reaching  the  trough  Ti, 
a  spring  on  the  side  of  the  bucket  goes  against  the  edge,  and 
causes  the  bucket  to  empty  itself  into  the  trough,  after  which 
it  falls  into  its  former  position,  and  descends  empty,  to  be 
again  refilled.  This  is  an  improvement  on  the  horn  wheel,  as 
the  water  is  raised  nearly  to  the  top  of  the  wheel,  instead  of 
only  to  the  centre. 

There  is  another  ancient  method,  even  to  this  day  found 
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serviceable  in  particiilar  cases,  which,  from  its  name,  would 
lead  us  to  date  it  as  far  back  as  the  famous  philosopher  Archi- 
medes, as  it  is  called  his  screw. 

The  Screw  Pump  is  generally  formed  in  the  following  manner : 
A  cylindrical  shaft  (on  which  the  pump  revolves)  has  one  or 
more  grooves  cut  round  it  in  a  spiral  du'ection,  into  which  are 
fixed  a  series  of  boards  which  form  the  thread  of  the  screw ; 
the  outer  edge  of  these  boards  is  sunk  into  spiral  grooves  formed 
into  the  inner  side  of  the  cylindrical  casing ;  the  pump  is  then 
tightly  secured  with  iron  hoops,  and  fitted  in  a  frame  in 
which  it  revolves.    The  great  advantage  of  this  form  of  pump 


Fig.  100. 

is  that  it  contains  no  valves  or  moving  parts,  and  will  there- 
fpre  raise  water  contaiaing  a  large  quantity'  of  sand  or  other 
material  held  in  suspense,  which  would  rapidly  wear  out  valves 
or  prevent  their  acting  properly ;  the  water  being  raised  by  a 
simple  lift,  and  not  by  centrifugal  force,  the  pump  can  be 
worked  efficiently  at  any  speed  (fig.  100). 
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Suppose  water  to  be  ninning  from  the  lower  orifice  of  a  pipe 
placed  vertically,  and  to  be  suddenly  stopped  by  the  instant 
insertion  of  a  plug  or  other  contrivance,  a  certain  shock  at  the 
lower  end  of  the  pipe  will  be  felt ;  and  if  the  height  of  the 
pipe  be  great  enough,  the  pipe  in  all  Ukelihood  will  be  burst. 
The  reason  of  this  shock  being  sustained  in  this  manner  is, 
that  the  downward  motion  of  the  water  being  suddenly 
stopped,  and  the  momentum  or  force  of  the  column  of  liquid 
being  very  great,  the  plug  is  struck  with  as  much  violence  as 
if  a  solid  bar  of  ii'on,  of  the  same  height  and  diameter,  were 
falling  at  the  same  velocity  on  the  plug ;  this  momentum  of 
the  water,  acting  on  any  body  placed  so  as  to  arrest  a  quick 
flowing  stream,  is  exemplified  in  the  household  water-pipe. 
If  water  is  allowed  to  flow  through  a  pipe  leading  from  a  cis- 
tern for  some  time,  and  then  suddenly  stopped  by  turning  the 
stop-cock,  a  shock  is  sustained,  sufficient  in  some  instances 
to  burst  the  lower  part  of  the  pipe.  This  pressure  of  an 
arrested  flow  of  water  has  been  made  available  for  the  purpose 
of  raising  water  from  a  low  to  a  high  level ;  the  contrivance 
by  which  this  is  effected  is  known  as  the  "  water-ram."  It 
was  invented  by  the  celebrated  Montgolfier,  though  the  prin- 
ciple had  been  previously  explained  and  exemplified  in  this 
country  by  Professor  Millington.  Suppose  that  a  spring  of  water 
a  (fig.  101),  or  a  small  stream  placed  at  a  little  distance  above 
the  ordinary  level  of  the  ground  b,  as  on  the  face  of  a  knoU  or 


Fig.  101 

small  hiU 

passing  off  by  the  level  ground  beneath  it 


c  c,  run  to  waste  through  a  channel  leading  to  and 

The  water  is  con- 
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fined  in  the  first  place  to  a  pipe  h  h,  instead  of  the  open 
channel.  This  pipe  communicates  at  the  lower  level  h'  with  a 
horizontal  pipe  or  chamher  e,  at  the  end  of  which  is  placed  a 
valve ;  this  valve,  when  drawn  upwards,  effectually  closes  the 
aperture  through  which  the  water  escapes  when  the  valve  is 
down.  The  valve  e  is  made  so  heavy,  or  weighted  by  small 
weights,  that  the  stream  has  to  run  some  time  to  acquire  suf- 
ficient force  or  momentum  to  shut  it.  As  soon  as  the  valve  is 
closed  by  the  force  of  the  descending  water,  the  water  passes 
up  the  tube  /,  in  which  there  is  a  valve  opening  upwards  ;  the 
water  in  the  main  pipe,  in  consequence  of  the  quantity  passing 
into  the  chamber  d,  becomes  stagnant,  and  allows  the  valve  to 
fall,  by  wliich  a  portion  of  the  water  from  the  stream  escapes. 
As  soon  as  the  water  acquires  sufficient  momentum  from  flow- 
ing through  the  valve-aperture,  it  shuts  the  valve,  and  a 
portion  of  the  water  is  sent  up  the  pipe  /,  and  into  the  round 
air-vessel,  from  which  it  is  sent  in  a  continuous  stream,  and  is 
prevented  retm-ning  b^'^  means  of  a  valve.  Thus,  if  we  sup- 
pose the  stream  in  fig, 
101  to  be  situated  on 
the  face  of  a  liiU  or 
cliff,  beneath  a  dwell- 
ing-house, a  portion 
of  the  water  could  be 
sent  up  for  household 
puiiDOses  by  thepipe/. 
In  fig.  102  we  give  an 
illustration  of  the  im- 
proved form  of  water- 
ram  noAV  fitted  up,  in 
munerous  instances 
by  an  hydrauHc  en- 
gineer, for  the  supply 
of  water  to  hoiises, 
«fec.  situated  as  above, 
a  (I  is  the  pipe  leading 
from  the  source  of 
supply  to  the  escape- 
valve,  opening  and 
shutting  at  intervals,  Fig.  102. 

as  described ;  c  the  passage  to  the  valve  c',  which  o];,ens  inwards, 
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the  play  of  -which  is  regulated  by  means  of  the  screw,  as  in 
the  diagram ;  d  the  pipe  leading  to  the  equalizing  air-vessel 
e  e,  from  which  the  water  passes  up  to  the  jJace  of  delivery 
by  the  pipe  //.  As  the  water  in  the  air-vessel  is  found  ia 
process  of  time  to  absorb  the  air  contained  in  the  vessel,  the 
working  of  the  apparatus  is  prevented  by  the  want  of  the  elas- 
ticity necessary ;  this  difficulty  is  obviated  by  applying  to  the 
air-vessel  a  contrivance  called  "  a  snifting  valve,"  which  admits 
a  certain  quantity  of  air  at  every  stroke. 

Before  leaving  this  subject,  we  would  notice  that  if  a  stream 
of  water  2  inches  wide  were  allowed  for  one  second  to  flow 
down  a  pipe  30  feet  long,  having  a  slope  of  6  feet,  upon  the 
forward  pressure  being  arrested  by  a  stop-cock,  the  momentum 
it  would  have  acquired  would  drive  half  a  pint  of  water  up  a 
pipe  40  feet  high.  This  operation  of  closing  the  tap  or  valve 
every  second,  on  the  above  scale,  would  raise  3  gallons  6  pints 
in  one  minute.  A  knowledge  of  this  principle  led  an  inge- 
nious gentleman,  Mr.  Armstrong,  to  erect  and  work  cranes  at 
jS"ewcastle-upon-Tyne  by  the  pressure  of  the  water  in  the 
common. pipes  that  supplied  the  houses  of  the  town.  The 
machinery  is  below  the  surface  of  the  street,  therefore  both 
out  of  the  way  and  hidden  from  sight  or  accidents.  There  is  a 
dial  with  handles  or  indicators  commimicating  with  valves,  to 
regulate  the  pressiu'e  of  the  water  below,  by  which  the  raising, 
lowering,  or  stopping  of  the  machine  is  managed  with  the 
greatest  facihty.  The  simplicity,  power,  and  cheapness  of 
these  hydraulic  cranes  have  met  Avith  general  approval. 

It  is  related  that  a  farmer  who  Hved  near  a  river  where  a 
bridge  was  much  needed,  requiring  water  to  irrigate  his  land, 
hit  upon  the  following  expedient: — He  built  a  bridge  that 
moved  on  a  central  axis,  and  divided  it  into  two  longitudinal 
sections,  that  is,  through  the  middle  of  the  roadway ;  and 
each  part  was  so  balanced,  that  when  one  end  was  down  the 
other  was  raised.  "When  a  traveller  came  to  the  bridge,  he 
was  sure  to  find  one  of  the  sections  on  a  level  with  the  road 
and  the  other  raised;  of  coiu'se  he  walked  on  to  that  which 
was  level,  and  after  passing  the  centre  his  weight  brought  the 
other  end  down,  and  raised  that  on  which  he  first  stepped. 
To  the  ends  of  the  bridge  were  affixed  pumps,  and  this  action 
of  rising  and  falling  pumped  the  water  into  his  reservoirs. 
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Fig.  103. 

CHAPTER  VI. 
PNEUMATICS. 

The  business  of  this  portion  of  our  work  is  to  treat  of  the 
mechanical  properties  of  elastic  or  aeriform  fluids,  as  to  their 
weight,  density,  compressibility,  and  elasticity  —  the  word 
pneumatics  being  derived  from  the  Greek  word  pneuma,  breath 
or  air. 

Nature  of  Aeriform  Bodies. 

Aeriform  bodies,  elastic  fluids  or  gases,  constitute  a  very  di- 
stinct fonn  of  matter.  Solids  are  distinguished  by  a  strong 
attraction  of  aggregation,  which  keeps  them  together  in  a  firm 
mass.  In  liquids,  also  caUed  non-elastic  fluids,  this  force  is 
so  much  weakened,  that  the  particles  slide  freely  over  one 
another,  and  spread  indefinitely  in  a  horizontal  dii-ection. 

Between  solids  and  liquids  there  are  many  iutermediate 
steps,  as  of  soft  and  viscid  substances ;  but  between  liquids 
and  gases  there  are  no  such  gradations.  The  transition  is 
sudden  from  one  to  the  other.  Between  the  particles  of  a  gas 
or  vapour  there  is  little  attraction  of  any  kind — rather  repul- 
sion. The  approximation  of  such  atoms  depends  more  upon 
pressure  and  weight,  either  of  themselves  or  surrounding 
matter,  than  on  any  mutual  attraction. 

A  gas  or  vapour  moves  fi-eely  in  all  directions.    It  is  elastic, 
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and  distinguished  by  the  two  propei'ties  of  expansibility  and 
compressihiliti/.  It  expands  in  all  directions,  and  enlarges  just 
in  proportion  as  the  pressure  upon  it  is  removed.  It  may  be 
compressed  to  almost  any  bulk,  by  an  increase  of  that  pressure. 

Aeriform  bodies  are  transparent,  generally  colourless,  of 
extreme  tenacity  and  low  density,  consequently  invisible. 
There  are  three  groups  of  them  which  diifer  in  a  marked 
manner  in  their  physical  properties.  (1)  Air,  and  the  two 
chief  gases  which  compose  it,  are  perfectly  elastic,  and  cannot 
be  made  to  assume  the  fluid  state  by  any  degree  of  pressure. 
Their  bulk  is  in  inverse  ratio  to  this  pressure.  (2)  Others, 
as  carbonic  acid  gas  and  chlorine,  are  reduced  to  the  liqiiid 
state  by  gi-eat  pressure  or  an  extreme  degree  of  cold.  (3)  The 
third  group  is  that  of  vapours  (as  steam),  which  at  the  ordinary 
temperature  and  pressure  of  the  atmosphere  are  liquid,  but 
become  gaseous,  and  exhibit  the  properties  of  gases  when  sub- 
jected to  a  certain  increase  of  temperature  or  diminution  of 
pressure. 

TTie  Atmosphere. 

This  is  that  aerial  fluid,  together  with  its  clouds  and  vapours, 
in  which  man,  animals,  and  vegetables  exist.  Air  is  so  light 
and  thin,  that  when  at  rest  it  cannot  be  felt ;  so  transparent, 
that  it  cannot  be  seen.'  That  air  is  a  substance  may  be  heard 
when  a  switch  is  passed  rapidly  through  it,  or  a  storm  howls. 
It  is  felt  in  moving  a  fan  ;  its  efl'ects  are  seen  in  the  current 
blowing  about  dust  or  leaves,  and  the  hurricane  prostrating 
trees — ^in  the  whirling  windmill,  and  the  sails  of  the  stately 
vessel — in  the  rapidly-ascending  smoke,  which  rushes  aloft  like 
a  light  stick  from  the  bottom  to  the  surface  of  water — ^in  the 
soaring  eagle,  sustained  by  it  in  his  aerial  flight,  and  in  the 
balloon,  ascending  above  the  clouds,  or  driven  along  by  its 
currents.  Man  breathes  it  about  twenty  times  every  minute, 
or  1200  times  in  an  hoiu';  in  quantity,  about  18  pints  a 
minute,  or  1067  per  hour,  or  57  hogsheads  1  gallon  7  pints  in 
a  day.  Without  it  in  a  pure  state,  he  would  die ;  for  it  keeps 
the  machinery  of  his  system  in  action,  gives  the  vital  principle 
to  his  blood,  and  warmth  to  his  body.  This  applies  alilce  to 
animal  and  vegetable  creation;  were  there  no  air,  existence  must 
cease.  The  vegetable  kingdom  spreads  forth  its  delicate 
porous  leaves,  to  breathe  that  portion  of  air  rejected  by  man, 
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and  gives  out,  in  the  wonderful  economy  of  nattu-e,  that  por- 
tion beneficial  to  animal  life.  Thus  is  there  incessantly  going 
on  an  iaterchange  of  matter  to  suit  each  peculiar  condition  of 
creation. 

If  a  vessel  capable  of  holding  a  cubic  foot  of  air  be  emptied 
by  means  of  an  air-pump,  it  will  be  found  to  weigh  535 
grains  less  than  when  filled  with  air ;  the  same  vessel  filled 
with  water,  wiU  weigh  nearly  1000  ounces.  Therefore,  as 
535  grains  are  little  more  than  an  ounce,  a  cubic  foot  of 
water  weighs  aboat  814  times  more  than  a  cubic  foot  of  air. 
In  calculating  the  specific  gi-avity  of  air  or  gas,  1000  parts  of 
common  atmospheric  air  are  taken  as  the  standard. 

One  thousand  parts  of  atmospheric  air,  on  an  average,  con- 
sist of — 


Nitrogen  .  .  788  parts. 
Oxygen    .      .      197  „ 


Aqueous  vapour  .  .  14  parts. 
Carbonic  acid      .       .        1  „ 


And  the  specific  gravity  of  these  gases,  assuming  air  as 
1000  (and  giving  in  place  of  the  aqueous  vapoui-  one  of  its 
components,  hydrogen),  is  as  follows  :■ — 


Nitrogen  gas  .  .  972 
Oxygen  gas       .       .  1111 


Hydrogen  gas ...  69 
Carbonic  acid  gas    .       .  1529 


Atmospheric  air  is  not  a  chemical  compound,  hxit  a  mixture 
in  which  the  carbonic  acid  and  aqueous  vapour  are  merely  acci- 
dental, not  constituent  parts,  occurring  in  difi'erent  quantities 
at  difierent  times. 

Among  the  fifty  or  sixty  elementary  substances  now  known, 
the  two  chief  gases  of  the  atmosphere,  in  various  combina- 
tions, act  a  most  important  part,  which  will  excuse  oui'  digress-- 
ing  by  naming  some  of  the  substances  constituted  by  them. 

Oxygen  combined  with  hydrogen  forms  water ;  if  an  electric 
current  be  passed  through  water,  it  is  resolved  into  its  gaseous 
elements  hydrogen  and  oxygen,  which  may  be  collected  in 
separate  utensils.  If  these  gases  are  once  more  mixed,  and  a 
spark  of  electricity  sent  through  them,  a  loud  report  ensues, 
and  they  have  again  become  water.  The  proportion  in  water 
is  8  of  oxygen  to  1  of  hydrogen.  "When  oxygen  is  abstracted 
from  atmospheric  air,  animal  life  ceases ;  without  it  respiration 
cannot  go  on,  nor  will  fire  bum ;  it  is  found  in  the  ocean,  the 
air,  and  in  most  solid  substances.  Oxygen  and  nitrogen,  in 
varioiis  proportions,  form  atmospheric  air,  laughing  gas,  and 
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aquafortis ;  vnth  sulijhiir,  oxygen  forms  sulphiuic  acid  or  oil  of 
Aitriol ;  with  carbon,  carbonic  and  oxalic  acids ;  yvith.  lead,  it 
forms  red-lead;  with  metals,  it  forms  certain  compounds, 
called  oxides,  diy,  earthy-looking  powders,  with  entii-ely  dif- 
ferent properties. 

Nitrogen  constitutes  about  three-foiu'tlis  of  the  atmosphere, 
and  one-fourth  of  animal  flesh. 

Hydrogen  is  the  lightest  of  the  gases:  combined  with 
nitrogen  it  forms  ammonia ;  with  carbon  street  gas  ;  and  when 
mixed  in  certain  proportions  with  the  air  that  issues  from  the 
fissm-es  in  coal  mines,  becomes  highly  explosive,  and  being  acci- 
dentally ignited  is  often  the  cause  of  many  lamentable  accidents. 

Oarbonic  acid,  formed  of  carbon  and  oxygen,  is  more  than 
one-half  as  heavy  again  as  atmospheric  air,  and  may  be  poured 
from  one  vessel  to  another.  To  breathe  it  is  instant  death ;  it 
is  produced  from  bm-ning  charcoal.  It  collects  in  brewers' 
vats,  and  has  been  the  cause  of  many  fatal  accidents.  It  is 
the  gas  which  makes  soda-water,  ale,  &c.  sparkling  and  brisk. 

Oxygen,  hydrogen,  and  carbon  form  alcohol,  starch,  sugar, 
and  many  vegetable  productions.  Oxygen,  nitrogen,  hydrogen, 
and  carbon,  constitute  albumen,  fibrine,  gelatine,  &c.  of  which 
animals  are  formed. 

This  gaseous  body  possesses,  in  common  with  aU  matter, 
im-penetrahility;  no  other  body  can 
occupy  the  place  it  fills.  If  we  take 
a  glass  vessel,  and  invert  it  in  water, 
we  shall  find  that  the  water  -mil  not 
rise  iato  it  beyond  a  certain  very 
limited  space  (fig.  104).  The  air, 
being  elastic,  may  be  compressed,  but, 
the  pressure  being  removed,  it  will 
immediately  occupy  its  original  space. 
The  elasticity  of  the  aii-  may  be  proved 
by  confining  air  in  a  bent  tube  (fig. 
105),  and  loading  one  arm  with  dif- 
ferent weights  of  mercury.  The 
spaces  into  which  the  air  will  be  com- 
pressed will  be  foiTnd  to  be  inversely 
as  those  weights.  Those  weights 
measure  the  elasticity  of  the  air,  and  Fig.  104. 

prove  the  law  of  Mariotte,  that  the  elasticities  are  inversely  as 
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the  spaces  which  the  air  occupies :  the  densities  being  inversely 
as  those  spaces,  the  elasticity  of  the  air  is  dii-ectly  as  its 
density. 

A  volume  of  air  occupying  100  measures,  -when  compressed 
with  a  force  of  one  pound,  will  be  diminished  to  50  measures 
when  the  pressure  is  doubled,  and  expand  to  200 
measures  if  the  weight  is  reduced  to  haK  a  pound. 
This  law  was  first  observed  by  Boyle,  and  more 
fuUy  demonstrated  by  Mariotte.  Subsequent  ex- 
periments by  (Ersted  extended  to  air  comjiressed 
Avith  a  force  equal  to  110  atmospheres,  or  1540 
pounds  on  every  square  inch,  and  the  law  is  found 
to  continue  to  this  point, — from  which  we  may 
fairly  infer  it  to  be  general.  Numerous  experi- 
ments have  been  made  with  a  view  to  compress 
atmospheric  air  into  a  liquid  form ;  but  although  ^ 
many  other  gases  have  been  thus  condensed,  no 
such  result  has  hitherto  been  obtained.  Mr.  Per-  ^^g- 105. 
kins  stated  that,  under  a  pressure  equal  to  2000  atmospheres, 
he  had  succeeded  in  reducing  air  to  a  liquid;  but  there  is 
reason  for  behcAdng  that  the  fluid  obtained  was  no  other  than 
water  separated  from  the  air  under  compression. 

The  elasticity  of  air  may  be  seen  by  pressing  a  bladder 
which  is  filled  with  it ;  the  bladder  thus  pressed  will  give  way 
under  the  weight,  but  upon  being  relieved  it  will  immediately 
resume  its  former  bulk. 

If  the  piston  of  a  common  syringe  be  forced  doAvn  when 
the  pipe  is  stopped,  the  air  will  be  compressed ;  on  removing 
the  pressiu'e,  the  piston  is  forced  back  again.  Air  can  thus  be 
compressed  into  about  100th  of  its  usual  space.  If  the  pipe 
be  stiU  stopped,  and  the  piston  dravra  up,  then  the  air  expands 
by  becoming  less  dense. 

The  truths  of  science  were  often  demonstrated  to  the  vulgar 
as  mere  toys,  to  excite  the  wonder  of  "  children  of  a  larger 
growth."  Amongst  those,  we  know  of  none  more  appropriate 
to  our  present  theme  than  the  little  balloon  floating  in  a  glass 
jar  nearly  filled  with  water.  The  balloon  is  formed  of  glass, 
hollow,  having  a  hole  at  the  narrow  end,  from  whence  is  hung 
a  car.  By  placing  it  in  water  it  floats,  half  appearing  above 
the  surface.  "Water  is  poured  into  the  baUoon  until  the 
specific  gravity  of  the  little  toy  is  nearly  that  of  water,  and  it 
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then  floats  in  its  liquid  bath  about  midway.  The  jar  is  next 
closely  covered  with  a  piece  of  parchment,  india-rubber,  or 
gutta  percha.  On  pressing  this  covering  with  the  hand,  the 
balloon  descends ;  for  the  air  being  compressed,  forces  more 
water  into  the  balloon,  and  causes  it  to  sink.  When  the  press- 
ui-c  is  taken  off,  the  air  in  the  jar  regains  its  former  space  by 
its  elasticity ;  and  as  the  air  in  the  balloon  follows  this  law 
also,  it  forces  out  the  additional  water,  and  ascends  to  its  former 
position.  Thus,  with  the  hand  on  the  top  of  the  jar,  the 
balloon  may  be  made  to  rise  or  faU  at  the  word  of  command, 
■without,  to  the  uninitiated,  any  apparent  power  to  influence 
it.  Should  the  balloon,  however,  in  the  experiment  be  forced 
down  until  it  reaches  the  bottom  of  the  jar,  it  remains  there 
from  the  superincumbent  weight  of  water  overcoming  the 
elastic  power  of  the  air  contained  in 
it ;  but  by  tilting  the  jar  on  one  side,  if'i\i\ 
and  thus  lessening  the  weight  of 
water,  its  first  position  is  recovered. 

This  toy  exemplifies  the  elasticity 
of  air ;  as  on  the  pressure  being  re- 
moved, the  air  resumes  its  previous  J  / 
space ;  also  that  air  is  a  substance, 
and  capable  of  compression;  and  as 
the  balloon  floats  from  having  air  in 
it,  that  it  is  light ;  it  illustrates  fluid 
support,  pressure  in  all  directions,  and 
pressure  as  to  depth ;  for  the  lower 
the  little  machine  sinks,  the  lighter  is 
the  pressure  required  on  the  covering 
of  the  jar. 

Amongst  other  such  little  contri- 
vances is  the  fountain  or  jet  cVeau  of 
Hero,  which  illustrates  the  elasticity 
of  air.    The  annexed  figure  will  ex- 
plain the  rationale  of  the  operation 
of  this  elegant  toy.    A  vessel  or  air- 
tight box  a  a  (fig.  106)  is  supplied  Kg.  106. 
■with  water  from  the  box  6 ;  a  pipe  c  c  leads  from  the  top  of 
a  a  to  near  the  top  of  another  box//,  made  air-tight.  The 
water  descending  from  h  forces  the  air  up  c  c,  and  acting  on 
the  surface  of  the  water  in  //,  forces  it  out  by  the  pipe  e  e. 


152 


PinEUMATICS. 


Fig.  107  shows  one  of  the  many  devices  for  making  this 
philosophic  toy  omamental.  The 
water  is  placed  in  a  vessel  a,  ia  a 
hollow  stand  b,  and  a  small  pipe  c 
proceeds  from  the  vessel  of  water  np 
a  hollow  tube  d.  Water  is  then 
poured  into  the  omamental  basin  e, 
upon  which  it  forces  its  way  down 
the  tube  d,  and  pressing  upon  the 
air  in  b,  the  water  ia  a  rushes  up 
the  pipe  c,  and  forms  a  beautiful  jet 
of  water.  As  the  pressure  is  pro- 
duced by  the  water  in  d,  whatever 
length  that  tube  is,  such  will  be  the 
height  of  the  jet.  Upon  the  water 
becoming  exhausted  from  A,  that 
which  has  faUon  from  e  to  b  is  re- 
moved, and  A  and  e  being  replenished 
as  at  first,  the  action  of  the  fountaia 
is  again  commenced. 

The  air  lies,  as  it  were,  in  strata, 
from  the  earth  upwards,  the  lowest 
stratum  being  the  most  dense ;  as  in 
a  pile  of  wool,  that  nearest  the  gi-ound 
is  more  pressed  than  that  above  it, 
and  gradually  becomes  less  and  less 
compressed  as  it  nears  the  top.  A 
curious  philosophical  fact  results  from 
this  density  of  atmosphere,  which  is, 
in  causing  the  rays  of  light  to  be  bent  Fig.  107. 

as  they  approach  the  earth  :  thus  they  are  more  and  more 
bent  as  the  atmosphere  becomes  more  and  more  dense.  From 
this  circumstance  calculations  have  been  made  that  the  atmo- 
sphere does  not  extend  further  than  forty  or  fifty  miles  above 
the  surface  of  the  earth ;  but  its  exact  distance  is  unknown. 
That  air  must  expand  greatly,  and  consequently  extend  far, 
may  be  readily  conceived,  as  by  experiment  it  is  found  to 
possess  considerable  elasticity  when  only  a  thousandth  paxi;  of 
its  former  bulk  is  left  to  occujDy  a  certain  space. 

Air,  lilvc  other  fluids,  is  most  dense  at  the  lowest  stratum, 
which  is  the  level  of  the  sea,  as  water  is  more  dense  the  lower 
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we  descend  in  it.  At  the  height  of  three  miles,  that  is  the 
summit  of  Mont  Blanc,  the  aii'  is  fonnd  to  be  only  one-half  as 
dense  as  at  the  level  of  the  sea ;  hence  when  a  human  being 
arrives  there,  although  his  chest  is  fully  expanded,  yet  the 
quantity  of  aii'  beiiig  only  one -half  that  which  he  has  been 
accustomed  to  breathe,  he  may  feel  greatly  incommoded. 
At  six  miles  elevation  the  air  is  only  one-fourth  the  density 
of  common  air  on  the  earth's  surface,  and  at  nine  miles  only 
one-eighth.  The  "  blue  ethereal  sky"  of  the  poet  owes  its 
delicate  tint  to  the  atmosphere,  and  the  clearer  it  is  from  clouds 
and  vapour  the  more  intense  and  beautiful  is  the  colour.  When 
Gay-Lussac  ascended  in  a  balloon  to  the  height  of  21,000  feet, 
nearly  four  miles,  he  found  as  he  rose  the  blue  gradually  lessen, 
and  a  solemn,  awfiil,  black  vault  gradually  presenting  itself. 
The  atmosphere  holds  suspended  in  it  clouds  and  vapours, 
which,  like  milk  or  mud  in  pure  water,  float  about  and  are 
moved  by  the  various  currents.  These  congeal  into  mist,  rain, 
dew,  snow,  and  hail.  When  the  temperature  of  the  atmosphere 
is  high,  moisture  is  absorbed;  when  lowered,  it  falls  in  the 
form  of  dew,  rain,  or  snow.  It  has  been  ascertained  that  the 
atmosphere  can  never  hold  more  vapoiu'  than  would  suffice  for 
six  or  seven  inches  of  rain  to  fall  at  one  time. 

AtmospJieric  Pressure. 

Air  or  gas,  like  other  fluids,  presses  equally  in  all  directions, 
as  may  be  felt  in  pressing  upon  a  bladder  of  air,  or  filling  a 
hydrostatic  bellows  with  it  instead  of  water.  When  the  gaso- 
meter of  a  town  is  allowed  to  have  additional  pressure  iipon 
it,  the  lights  in  all  directions  suddenly  start  into  a  large  flame, 
showing  that  the  pressure  is  equal  in  all  parts. 

If  a  drinking-glass  were  covered  by  some  such  substance  as 
a  piece  of  bladder  or  thin  india-rubber,  and  the  air  drawn  out, 
a  spring  placed  underneath  would  show  that  the  weight  press- 
ing upon  the  covering  was  equal  to  15  lbs.  on  every  sqiiare 
inch  of  surface.  If  the  covering  were  not  supported,  it  would 
burst  inward  with  a  loud  noise.  The.  same  expeiiment  tried 
on  the  top  of  a  high  building  would  show  that  the  pressure 
was  not  quite  so  great  there  as  on  the  ground,  and  as  a  greater 
elevation  is  attained,  the  pressure  gradually  lessens.  Thus  a 
cohimn  of  atmospheric  air  an  inch  square  pressing  on  the  sur- 
face of  the  earth  is  found  to  weigh  15  lbs.,  while  a  cubic  foot 
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of  it  is  in  density  or  weight  a  little  more  than  an  ounce.  A 
cubic  inch  of  air  one  mile  high  wpighs  a  little  over  43  ounces ; 
and  the  weight  of  15  lbs.,  of  the  same  density  as  at  the  surface, 
gives  a  column  of  air  a  little  more  than  5  miles  in  height.  In 
drawing  up  the  air-tight  piston  of  a  closed  syringe,  it  requii'es 
a  force  of  15  lbs,  to  eveiy  square  inch  of  surface  of  the  piston, 
this  force  being  necessary  to  overcome  the  resistance  offered 
by  the  pressure  of  the  atmosphere  outside. 

The  air,  then,  presses  with  a  weight  of  15  lbs.  on  each  inch 
of  surface  on  everything  upon  the  earth ;  and  as  the  average 
surface  of  a  man's  body  is  estimated  at  about  2000  square 
inches,  he  bears  a  weight  of  upwards  of  30,000  lbs.,  or  about 
13  tons.  This  weight  would  crush  the  human  frame  and  pre- 
vent him  from  moving  about,  were  it  not  for  the  law  that  the 
pressure  of  air  is  equal  in  all  directions ;  the  force  of  the  out- 
side pressure  is  equalized  by  the  air  contaiued  within  the  body, 
and  filling  up  all  empty  spaces.  Por  a  similar  reason,  a  man 
who  can  scarcely  carry  a  pail  of  water  on  his  head,  would  not 
be  cmshed  though  he  walked  at  the  bottom  of  the  sea.  This 
pressure  in  all  directions  keeps  things  in  their  places ;  were  it 
possible  to  empty  a  room  of  all  the  air  it  contained,  the  great 
pressure  of  the  air  would  cause 
the  walls  and  the  roof  to  fall 
inwards.  There  are  many  simple 
but  strildng  experiments  by 
which  the  weight  of  the  atmo- 
sphere may  be  illustrated ;  one 
is  that  of  the  Magdeburg  He- 
mispheres : — 

In  1654,  Otto  von  Guericke, 
burgomaster  of  Magdeburg, 
publicly  illustrated  the  pressure 
of  air  on  solids.  He  made  two 
close-fitting  cups  or  hemispheres 
a,  h  (fig.  108),  one  foot  in  dia- 
meter, which  he  filled  with 
water ;  then  unscrewing  the 
handle  d  off  one  of  them,  which 
communicated  to  the  interior  by 
a  hole,  having  a  stop-cock  c,  he 
pimped  the  water  out ;   after  ^"ig- 108. 
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which  he  screwed  the  handle  on  again.  This  he  presented  at 
a  public  exhibition,  when  the  emperor  had  six  of  his  carriage- 
horses  attached  (by  chains  or  ropes,  as  e  e)  to  the  hemispheres, 
but  their  strength  could  not  pull  them  asunder.  The  resist- 
ance of  the  air  was  15  lbs.  on  each  square  inch  ;  yet  when  the 
stop-cock  was  tiu-ned  and  the  air  admitted,  their  separation 
Avas  simple  and  easy. 

Another  interesting  example  of  atmo- 
spheric pressure,  is  to  fill  a  wine-glass 
with  water,  and,  having  placed  a  card 
over  it,  to  invert  it  cautiously: — the  glass 
may  now  be  held  as  in  fig.  109,  the 
water  having  no  support  but  that  which 
it  receives  from  the  pressure  of  the  atmo- 
sphere, without  any  being  spilled. 

Boys  are  in  the  habit  of  amusing  them- 
selves by  making  out  of  a  round  piece  of 
leather  a  wet  sucker  or  cleaver ;  to  the  ^'ig-  109- 

centre  part  a  cord  is  attached,  which  they  press  upon  a  stone, 
and,  pulling  the  cord,  if  the  stone  be  loose  and  not  too  heavy, 
they  can  -lift  and  carry  it  about.  There  being  no  air  below,  the 
leather  is  kept  in  its  place  with  a  force  equal  to  15  lbs.  on  each 
square  inch  of  the  surface  of  the  sucker,  and  will  lift  a  stone 
in  accordance  with  this  power. 

On  this  principle,  that  of  shutting  out  the  air  from  one  part 
and  having  its  pressure 
on  another,  arises  the 
power  of  flies,  and  some 
other  insects,  to  walk  on 
ceilings  and  the  upright 
glass  of  windows.  Pig. 
110  is  a  greatly  magni- 
fied view  of  the  sucker 
attached  to  the  under 
surface  of  the  house- 
fly's foot.  The  construc- 
tion of  their  feet  allows 
of  a  ready  formation  of 
suckers,  and  power  at 
will  of  admitting  the  air  to  relieve  them :  it  is  estimated  that 
a  fly,  -when  walking,  in  the  course  of  a  minute  performs  this 


Fig.  110. 
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operation  10,000  times.  The  fishes  called  by  the  poor  living 
at  the  sea-shore  "  dockers,"  adhere  to  rocks  by  a  sucker  on 
the  underpart  of  their  bodies,  and  when  the  tide  has  receded 
send  forth  a  sound  causing  the  uninitiated  to  search  for  a  hen 
desirous  of  laying  eggs,  instead  of  which  they  discover  a  fish 
clinging  to  the  rocks.  Snails,  periwinkles,  and  limpets  possess 
this  property. 

The  small  black  spot  is  intended  to  show  the  natural  size  of 
the  fly's  foot. 

The  Atmosplieric  Olocic  is  a  valuable  application  to  a  purpose 
of  utility  of  the  simplest  of  all  natural  laws.  This  clock  pos- 
sesses no  mechanism,  but  indicates  the  hour  by  the  regular 
descent  of  a  column  of  mercuiy,  and  might,  therefore,  with 
equal  propriety,  be  called  the  gravitating  clock.  There  are 
two  glass  tubes,  one  withia  the  other.  The  inner  tube  con- 
tains the  mercury,  and  also  atmospheric  au'.  At  each  end  this 
inner  tube  communicates  by  a  small  orifice  with  the  outer 
tube,  and  consequently  the  mercury  in  its  descent  has  to 
force  the  air  out  of  the  inner  tube  to  the  outer,  and  thus  its 
rate  of  descent  is  regulated.  This  air  escapes  by  the  small 
oiifice  at  the  end  of  the  tube,  passes  into  the  outer  tube,  and 
again  ascends  in  it.  When  it  reaches  the  top  of  the  outer  tube, 
it  enters  the  small  end  of  the  inner  tube,  and  thus,  as  fast  as 
the  air  is  forced  out  below,  it  enters  above.  This  clock  is  in 
no  way  influenced,  or  certainly  not  to  any  appreciable  extent, 
by  the  external  air,  as  the  outer  tube  is  hermetically  sealed. 
The  gravitation  of  the  merctuy  and  the  resistance  of  the  air  in 
passing  through  the  oiifice  determine  the  rate  of  motion,  and 
the  division  of  the  scale  of  hours  is,  of  course,  in  accordance 
with  it.  It  is  not  only  an  instructive  toy,  but  a  reaUy  useful 
invention. 

Effect  of  Atmosplienc  Pressure  on  the  Boiling-point  of  Water. 

Every  thing  on  earth,  liquid  and  solid,  is  compressed  by  the 
atmosphere,  and  kept  in  its  position  and  form  ;  were  this 
pressui-e  removed,  things  would  assume  difierent  forms,  and 
many  become  gaseous,  as  is  the  case  with  ether  and  alcohol. 
To  overcome  this  atmospheric  pressure,  and  separate  the  atoms 
of  matter  in  many  fluids,  man  applies  heat,  and  it  is  neccssaiy 
to  note  the  various  degrees  of  heat  required  to  be  applied  to 
diff"erent  fluids  to  raise  them  to  what  is  termed  the  boiling- 
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point.  At  the  earth's  surface,  that  is,  -where  the  mercjiry  in- a 
barometer  stands  at  30  inches,  the  heat  reqiiired  to  boil 
ether  would  be  by  Fahrenheit's  thermometer  190  degrees,  to 
boil  alcohol  174  degrees,  water  212  degrees,  oil  and  tallow 
600  degrees,  and  mercuiy  650  degrees.  By  ascending  a  moun- 
tain the  pressure  of  the  atmosphere  is  lessened,  and  conse- 
quently less  heat  is  required;  for  iastance,  at  Quito,  10,000 
feet  above  the  level  of  the  sea,  water  boils  at  194  degrees,  and 
on  Mont  Elanc  only  180  degrees  of  heat  are  necessary  to  boil 
water,  and  by  this  test  the  actual  height  from  the  level  of  the 
sea  may  be  ascertained ;  while  in  a  diving-beU  68  feet  deep 
in  water  it  requires  a  heat  of  272  degTees  to  make  water 
boU. 

The  experiment  of  boiling  fluids  freed  from  the  weight  of 
the  air  has  been  tested  by  means  of  the  air-pump,  when  it 
was  found  that  water  would  boil  at  a  less  temperatui'e  than 
blood-heat  by  three  degrees,  and  ether  when  six  degrees  above 
the  freezing-point  of  water.  This  fact  has,  like  most  scientific 
knowledge,  been  rendered  serviceable  to  man,  most  remark- 
ably so  in  the  distilling  of  drugs  and  the  refining  of  sugar. 
By  reducing  the  pressure  of  aii',  the  piire  medicinal  properties 
of  one  have  been  preserved ;  in  the  other,  a  saving  of  material 
and  superiority  of  quaUty. 

Dr.  Papin,  crossing  the  Great  St.  Bernard,  stopped  at  its 
famous  monastery,  when  the  monks,  desirous  of  showing  their 
hospitality,  asked  him  if  he  had  any  preference  as  to  the  mode 
in  which  his  food  was  cooked,  when  he  replied  that  he  pre- 
ferred boiled  to  roasted  meat.  The  brethren  informed  him 
that  in  this  particular  they  were  soriy  they  coidd  not  obHge 
him,  as  they  foxmd  that  meat  could  not  be  boiled  properly  at 
such  an  elevation.  The  doctor,  returning  to  Paris,  pondered 
over  the  subject,  and  the  result  was  the  invention  of  his  famed 
digester.  One  of  these  digesters  he  had  the  satisfaction  of 
presenting  on  another  visit  to  the  monastery,  much  to  the 
delight  of  the  pious  fraternity. 

The  reason  of  this  difficulty  in  cookery  was,  that  the  small 
amount  of  heat  required  to  boil  water  at  such  an  elevation  was 
not  sufficient  to  perform  the  necessary  cooking  operation,  and 
the  meat  consequently  was  raw.  The  digester  does  not  allow 
the  steam  to  escape,  and  heat  is  accumulated  imtil  even  bones 
are  dissolved.    Eor  the  sake  of  safety  Papin  adopted  a  valve 
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to  his  invention,  so  that  it  opened  when  the  pressure  of  the 
steam  was  likely  to  be  too  powerful  for  the  iron  of  which  the 
vessel  was  constructed. 

By  removing  the  pressiu-e  of  the  atmosphere,  we  may  make 
water  boil  in  a  bottle  on  placing  it  in.  a  vessel  of  cold  water. 
This  is  effected  by  pouring  a  little  water  into  a  Florence  flask 
and  holding  it  over  a  spirit-lamp  until  it  boils ;  when  the 
steam  is  briskly  issuing  from  the  neck  of  the  flask,  cork  it 
tightly,  and  remove  it  from  the  lamp.  The  action  of  boiling 
will  then  have  ceased,  but  on  placing  the  flask  in  cold  water 
we  condense  the  steam  and  cause  a  vacuum,  so  that  the  liquid 
will  boil  with  great  rapidity ;  remove  it  from  the  cold  water 
to  the  lamp,  the  boiling  ceases ;  place  it  again  in  the  cold 
water,  and  it  again  boils. 

The  cold  water  con- 
denses the  steam,  and 
from  the  vacuum  pro- 
duced the  water  boils; 
when  placed  over  the 
lamp  the  flask  is  fiUed 
with  steam,  there  is  no 
vacuum,  and  the  water 
no  longer  boUs,  being 
prevented  by  the  press- 
m-e. 

Common  Water  Pump. 

If  we  take  a  straw, 
place  one  end  in  water 
and  the  other  in  our 
mouth,  then  draw  in  the 
breath,  we  create  a  va- 
cuum ;  the  air  in  the 
straw  first  rushes  into 
the  mouth,  and  is  fol- 
lowed by  the  water;  this 
arises  from  the  pressure 
of  the  air  on  the  water 
forcing  it  into  the  part 
where  a  vacuum  has 
been  produced. 


Kg.  111. — Common  Pump. 
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On  this  piinciple  tho  useful  and  common  contrivance  called 
the  sucking-pump  (fig.  Ill)  is  constructed.  It  consists' of  a 
hoUow  tube,  having  a  close  piston  a,  with  a  valve  opening  up- 
wards, made  generally  of  a  piece  of  lead  fixed  to  leather,  and 
attached  by  a  hinge,  b  is  a  hollow  tight-fitting  plug  with  a 
valve,  the  same  as  the  other,  but  placed  in  a  lower  part  of  the 
tube.  On  pressing  the  handle  c  down,  a  vacuum  is  created 
between  a  and  b  ;  and  the  air  pressing  on  the  water,  it  rushes 
up  the  tube  e,  raises  the  valve  b,  which  closes  from  its  own 
weight,  and  that  of  the  water  above  it.  On  a  descending,  by 
the  handle  c  being  raised,  the  water  between  a  and  b  forces 
up  the  valve  a,  which,  closing  on  the  handle  being  pushed 
down,  lifts  the  water  up  to  the  spout  f,  where  it  flows  out. 
In  doing  this,  a  vacuum  is  again  created  between  a  and  b, 
followed  by  more  water ;  and  thus  the  operation  is  continued 
as  long  as  requii-ed. 

Suppose  a  tube  closed  at  one  end  were  filled  with  water, 
and  the  open  end  then  placed  in  a  vessel  of  water,  the  fluid 
would  remain  in  the  tube  at  the  height  of  34  feet ;  this  shows 
that  the  weight  of  the  atmosphere  on  the  earth  is  equal  to  a 
column  qf  water  34  feet  in  height,  or  that  of  34  feet  of  water 
surroimding  the  whole  globe.  Prom  this  fact  in  nature,  a 
pump  cannot  be  made  to  draw  water  from  a  greater  depth ; 
therefore  when  such  a  circumstance  occiu's  as  to  render  the 
operation  necessary  in  a  very  deep  mine,  a  succession  of 
pumps  is  employed,  averaging  about  28  feet  draught  each ;  or 
another  arrangement  is  resorted  to,  namely,  the  Forcing  Pump. 
It  used  once  to  be  supposed  that  water  rose  in  a  tube  emptied 
of  air,  because  "  Kature  abhorred  a  vacuum;"  but  this  dis- 
covery that  it  would  not  rise  to  a  greater  height  than  34  feet, 
led  to  a  conviction  in  the  mind  of  TorriceUi  the  Florentine,  that 
the  weight  of  the  atmosphere  was  the  real  cause. 

The  Action  of  Compressed  Air. 

We  have  already  stated  that  the  pressure  of  the  air  is  equal 
at  the  earth's  surface  to  about  15  lb.  on  eveiy  square  inch,  while 
it  has  a  density  or  weight  equal  to  1  ounce  troy  for  each  square 
foot  at  its  lowest  stratum.  Now  this  weight  of  15  lb.  on  the 
square  inch  is  called  tho  pressure  of  one  atmosphere.  If  151b. 
to  the  square  inch  be  added  to  compress  air,  it  then  fills  one- 
half  its  former  space,  and  its  density  is  called  a  double  atmo- 
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sphere.  With  t'wice  15  lb.  then  it  is  of  triple  density,  and  said 
to  be  three  atmospheres.  Just  in  proportion  as  it  is  compressed 
does  its  elastic  reaction  or  force  increase.  In  this  manner  a 
steam-engine  or  air-gun  is  spoken  of  as  possessing  a  resisting 
medium  of  so  many  atmospheres.  If  we  ascend  into  the  hea- 
vens, or  expand  air  by  artificial  means  until  it  possesses  only 
one-half  of  the  density  at  the  earth's  surface,  then  it  is  spoken 
of  as  only  half  an  atmosphere,  and  so  on. 


Fig.  112. 

From  a  knowledge  of  the 
powers  of  compressed  air  many 
useful  articles  for  domestic  uses 
are  formed,  as  table-lamps, 
shower-baths,  and  others, 
while  a  little  refreshing  par- 
lour fountain  adds  to  the 
charm  of  an  adjoining  con- 
servatory.   The  last-named 


Fig.  113. 


elegant  jet  is  constructed  in  every  variety  of  design,  but  the 
principle  of  action  is  the  same  in  all.  It  consists  of  a  vessel 
a  a  (fig.  112)  partly  filled  with  water,  either  air  is  then  com- 
pressed into  the  vessel,  or  by  means  of  an  air-pump  air  is  ex- 
tracted, and  upon  turning  a  cock  the  water  spouts  up  through 
a  pipe  h  inserted  in  the  vessel  and  reaching  near  to  the  bot- 
tom.   A  little  stout  cherub  struggling  with  a  dolphin  is  a 
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favourite  device,  tlie  water  issuing  from  the  mouth  of  the 
captured  fish. 

The  application  of  condensed  air  is  of  infinite  service  in 
many  -water- works  having  to  supply  large  towns ;  for  as  fill- 
ing the  pipes  direct  by  the  working  of  pumps  would  cause  it 
to  flow  in  gushes,  the  water  is  pumped  into  a  covered  receiver, 
by  which  the  air  in  it  becomes  condensed,  and  pressing  on  the 
surface,  makes  the  supply  uniform,  and  gives  the  necessary 
pressui-e  to  keep  the  pipes  constantly  charged. 

Thus,  suppose  a  a  (fig.  113)  to  be  the  pipe  through  which 
the  water  is  forced ;  it  passes  through  the  valve  e,  opening 
inwards  to  the  vessel  h  h ;  the  air  accumiilating  in  the  upper 
part  of  the  vessel  at  c  c,  presses  upon  the  surface  of  the  water, 
which  sends  it  up  the  pipe  eld  ma.  continuous  stream. 

It  may  be  remarked,  that  here  the  water  is  pressed  into 
the  receiver  by  means  of  what  is  termed  a  forcing  pump,  the 
power  of  which  compresses  the  air.  If  the  air  be  by  this 
means  condensed  to  a  double  atmosphere,  the  pressure  would 
raise  water  33  feet,  if  to  a  triple  atmosphere  66  feet,  and  so  it 
wiU  increase  in  power  to  raise  33  feet  for  every  additional 
atmospheric  pressure  applied.  (For  other  uses  of  compressed 
air,  see  Forcing  Pump  and  Atmospheric  Engines.) 

The  Forcing  Pump. 

The  simplest  kind  of  Forcing  Puinp  is  shown  in  the  annexed 
cut.  It  is  merely  an  adaptation  of  the 
common  sucking  pump  to  the  purpose  of 
propelling  water  along  a  pipe.  There  is 
no  valve  in  the  piston  c  (fig.  114),  but 
the  water,  raised  through  the  suction- 
pipe  a  and  the  valve  g,  is  forced  by  each 
depression  of  the  piston  up  through  the 
pipe  e  e,  which  is  furnished  with  a  valve 
to  prevent  the  return  of  the  fluid. 

In  other  kinds  of  forcing  pump,  water 
is  propelled  by  means  of  the  elastic  reac- 
tion of  compressed  air.  We  give  a  sketch 
(fig.  115),  showing  its  application  to  a 
uscfiJ  pui-pose,  an  inspection  of  which  Tig.  114. 

win  make  its  operation  easily  understood.  A  well  a  in  a  street 
is  provided  with  a  pump-barrel  b  h,  in  which  works  a  tight- 
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fitting  piston ;  a  valve  opening  upwards  is  placed  at  the  bottom 
of  the  barrel  at  c  and  another  at  e,  in  the  inside  of  the  receiver, 
an  air-vessel,  d  d.  In  the  centre  of  the  street,  above  the  weU, 
an  ornamental  pedestal  7i  Ti  is  placed.  In  the  centre  of  this 
the  piston-rod  h  Tc  oi  the  barrel  works,  being  operated  upon 
by  the  handle  m.    A  pipe  //  proceeds  from  the  air-vessel  d  d, 


Fig.  115.  — Forcing  Pump, 
and  is  terminated  by  a  screw  junction,  to  which  the  hose  g  is 
attached  when  required.    The  whole  apparatus  is  designed  for 
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a  permanent  force-pump,  to  bo  used  in  the  extinguishing  of 
accidental  fii'es  occurring  in  the  street  in  which  the  apparatus 
is  placed.  Its  operation  is  as  foUows : — On  the  handle  m  being- 
depressed,  the  piston  is  raised,  creating  a  vacuum  in  the  lower 
part  of  the  barrel,  and  causing  the  water  to  fill  it,  passing 
through  the  valve  c.  On  the  handle  m  being  raised  the  piston 
is  depressed.  The  valve  c  closing  tightly  prevents  all  egress 
through  it :  the  water  therefore  is  forced  up  the  pipe  leading 
to  the  ail'- vessel  through  the  valve  e.  It  is  now  by  the  press- 
ure of  the  air  in  the  air-vessel  forced  up  through  /  and  out 
at  the  orifice  of  the  hose  g  in.  a  continuous  stream  or  jet.  As 
the  chamber  d  d  contains  air  it  becomes  compressed  by  the 
water,  and  according  to  the  force  of  its  condensation  does  the 
water  fly  out  of  the  pipe  /  and  hose  g.  If  the  air  be  com- 
pressed one-half,  it  will  press  on  the  water  with  the  force  of 
a  double  atmosphere,  and  be  sent  the  height  of  33  feet ;  and 
if  to  one-third  its  former  space,  the  water  will  spout  in  a  uni- 
form stream  to  the  top  of  a  building  66  feet  high,  and  so  on, 
according  to  the  pressure  on  the  air  by  the  water. 

Fire-engines  were  used  by  the  ancients,  and  introduced  into 
England  about  the  year  1700.  They  may  be  described  as  con- 
sisting of  an  oblong  wooden  chest,  or  cistern,  along  the  lower 
part  of  which  runs  a  metallic  pipe,  into  which  the  water  flows 
from  a  feed-pipe  connected  at  the  other  end  with  a  street-plug 
or  reservoir  of  water.  The  water  having  entered,  the  interior 
pipe  is  elevated  and  forced  into  an  upright  air-vessel  by  two 
pumps,  which  are  worked  by  men  by  means  of  long  handles 
placed  at  the  outside.  From  the  air-vessel  the  water  is  forced 
into  a  pipe  connected  with  the  leather  hose,  and  then  directed 
against  the  burning  edifice.  If  properly  constructed  they  will 
thi-ow  a  stream  of  water  130  feet  in  height ;  but  it  wUl  be 
well  to  remember  what  we  stated  on  the  flowing  of  water 
through  pipes,  page  113,  that  an  elevation  of  an  angle  of  45 
degrees  wiU  throw  water  the  greatest  distance,  which  also 
appUes  to  the  engines  we  are  now  describing. 

The  following  figirre  illustrates  the  action  of  the  fire-engine. 
Two  pump-barrels  b  h  (fig.  116),  are  placed  in  the  cistern  a  a, 
and  surrounded  with  water  to  the  level  of  d  d.  Each  barrel 
has  a  piston  b  b,  attached  by  rods  i  i  to  an  oscillating  beam  g  g 
working  in  the  centre,  moved  by  the  handles  7i  h.  The  valves 
c  c  open  inwards  to  the  barrels,  and  those  marked  d  d  to  the 
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receiver  e  e.  By  the  working  of  the  barrels  a  continuous 
stream  is  projected  through  the  pipe  h  in  the  centre  of  the 
receiver  to  which  the  hose  is  attached.  It  will  be  seen  that 
the  water,  being  pressed  by  the  pistons  into  the  receiver  e,  is 


Fig.  116.— Fire  Engine. 

resisted  by  the  aii'  at  the  top  of  the  receiver,  and  thus  seeking 
an  outlet,  rushes  with  impetuosity  through  the  pipe  k,  an^  is 
directed  to  the  proper  object  by  the  hose  screwed  on  at  /.  The 
little  portable  and  useful  engines  used  in  gardens  are  con- 
structed on  a  similar  principle. 

The  great  defect  of  forcing  pumps  where  air-vessels  are 
used  is  the  absorption  of  the  air  by  the  issuing  water,  so  that 
in  process  of  time  nearly  aU  the  air  in  the  receiver  is  passed 
out  by  the  water,  which  consequently  becomes  intermittent. 
To  obviate  this  defect,  an  arrangement  in  the  following  manner 
is  made.  The  pump-barrel  is  at  a  a  (fig.  117),  the  piston  at 
h,  and  the  piston-rod  at  c ;  dd  is  the  pipe  communicating  with 
the  water  to  be  pumped  up.    On  the  piston  being  raised  the 
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valve  e  opens,  and  a  vacuum  being  produced  beneath  the  piston, 
the  water  rises  from  the  well ;  while  this  part  of  the  operation 
is  being  performed,  the  valve  g  opens,  and  the  water  above  the 
piston-rod  is  lifted  up  and 
forced  out  at  g  into  the  de- 
liveiy-pipe  i  i.  On  thepiston- 
rod  being  depressed  the  valves 
e  and  g  close,  and  a  vacuum 
being  created  above  it,  the 
valve /opens  and  admits  the 
water  from  a  to  that  part  of 
the  barrel  above  the  piston ; 
at  the  same  time  the  valve  h 
opens,  and  as  the  piston  de- 
scends the  water  beneath  is 
forced  thi'ough  h  into  the  de- 
livery-pipe i  i.  It  will  thus 
be  plain  that  there  must  be  a 
continual  stream  of  water 
forced  through  the  deUvery- 
pipe,  as  both  the  down  and 
up  stroke  act  in  giving  per- 
man*ence  to  that  effect. 

The  force-pump  is  employed 
frequently  to  supply  the  boUer 
of  a  steam-engine  with  water, 
that  the  pressure  of  the  steam 
in  the  boiler  may  be  overcome.  Fig.  117. 

Hot  water  may  be  pumped  in  ;  but  should  the  pump  be  applied 
to  raise  water  which  has  more  than  150  degrees  of  heat,  on 
the  piston  being  lifted  up  the  expected  vacuum  will  be  found 
filled  with  steam  given  off  by  the  water,  and  the  pump  there- 
fore labours  fruitlessly. 

Syringes. 

The  common  ivater-syringe  consists  of  a  wide  tube  ending  in 
a  nozzle,  and  at  the  other  end  a  handle  attached  to  a  light 
piston.  Dipping  the  nozzle  in  water,  this  is  drawn  uj)  by 
drawing  the  handle,  and  may  afterwards  be  squirted  out  by 
depressing  it. 

There  are  two  descriptions  of  air-syringes ;  one  for  forcing 
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more  air  into  a  vessel,  called  a  condensing  syringe ;  and  another 
for  drawing  air  out  of  a  vessel,  whicli  is  named  an  exhausting 
syringe.  Both  consist  of  a  tube  closed  at  one  end,  excepting 
an  orifice  to  which  a  valve  is  affixed.  In  the  condensing 
syringe  this  valve  opens 
downward ;  in  the  exhaust- 
ing syringe  the  valve  opens 
upward.  A  piston  with  a 
handle  and  i-od  is  put  in  at 
the  other  end  of  the  tube, 
and  can  be  moved  up  and 
down ;  each  of  these  pis- 
tons has  valves  opening  in 
the  same  direction  as  the 
valves  of  the  tubes.  If  the 
exhausting  syringe  be  af- 
fixed to  a  vessel,  the  piston 
being  down,  on  drawing  it 
up,  the  valve  in  the  piston 
is  kept  shut  by  the  pressure 
of  the  external  air,  while 
the  air  in  the  vessel,  press-  _ 
ing  on  the  valve  at  the  Tig.  118. 

bottom  of  the  tube  at  the  rate  of  15  lbs.  on  the  square  inch, 
raises  it,  and  the  air  in  the  vessel  passes  between  the  valve  in 
the  piston  and  that  in  the  bottom  of  the  tube.  "When  the 
piston  is  pressed  down,  the  valve  at  the  bottom  closes  and  that 
in  the  piston  opens,  and  thus  the  operation  is  continued  until 
the  vessel  be  pumped  free  from  air  (fig.  118). 

In  the  condensing  syringe  the  valves  are  hung  so  as  to  act 
in  a  contrary  direction :  when  the  piston  is  pushed  down,  the 
pressiu'e  of  the  air  in  the  tube  and  vessel  shuts  the  valve  in 
the  piston,  and  the  air  in  the  tube  is  forced  into  the  vessel ;  on 
di'awing  up  the  piston,  the  pressure  of  the  air  within  the  vessel 
doses  the  valve  at  the  bottom  of  the  tube,  while  the  external 
air  opens  that  of  the  piston  ;  on  pressing  the  piston  down  again, 
the  piston-valve  closes,  and  the  air  in  the  tube  forces  the  tube- 
valve  open  and  the  air  into  the  vessel.  Thus  the  operation  is 
continued  as  long  as  the  experimenter  has  strength  to  force 
more  air  in,  or  the  vessel  to  bear  it. 


THE  AIB-PTJMP. 


167 


Fig.  119. 

The  Air-pump, 

This  instrument  is  for  the  purpose  of  -withdrawing  the  air 
from  any  closed  vessel.  It  may  be  drawn  from  a  bag  or  bladder ; 
but  for  general  experiments  there  is  a  round  glass  with  an 
arched  top  r  (fig.  119),  and  open  at  the  bottom,  called  a  receiver. 
This  glass  is  placed  with  its  open  part  downwards  on  a  flat 
smooth  surface,  usually  a  metal  plate,  and  where  it  touches  the 
plate  it  is  greased,  or  adapted  to  a  piece  of  wet  leather  to 
render  it  perfectly  air-tight.  In  the  metal  plate  is  a  hole  h, 
communicating  by  a  tube  //with  two  strong  brass  pump- 
bartels,  a,  b.    In  each  barrel  is  a  valve  v  v,  opening  upwards, 
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and  also  valves  e  e  in  two  tightly-fitting  pistons :  at  the  top  of 
these  pistons  is  some  rack-work  d,  which  works  in  a  Httle  cog- 
wheel attached  to  a  handle.  A  half-circular  tiu-n  being  given 
to  the  handle,  the  pinion  works  the  racks  up  and  down.  On 
each  of  the  pistons  rising,  the  air  rushes  from  the  receiver  into 
the  vacuum  created  in  the  barrel.  As  the  pistons  alternately 
descend,  the  air  escapes  from  the  barrels,  and  thus  the  handle 
is  worked  until  all  the  air  under  the  receiver  is  di'awn  away. 
The  double  barrels  expedite  the  operation. 

In  the  cylinder  or  barrel  a  the  piston  is  represented  in  the 
act  of  ascending  when  the  valve  e  is  closed,  and  a  vacuum 
would  be  formed  beneath  the  piston  but  for  the  opening  of  the 
valve  V  by  the  elasticity  of  the  air  in  the  receiver  r.  In  the 
barrel  h  the  piston  is  in  the  act  of  descending  when  the  valve 
V  is  closed  and  the  valve  e  open,  by  which  all  the  air  in  the 
cylinder  is  forced  out ;  and  in  this  manner  a  portion  of  the 
air  is  withdrawn  from  the  receiver  r  at  cveiy  stroke  of  the 
pump,  h  is  a  cock,  by  turning  which  air  is  re-admitted  into 
the  receiver,  and  this  thereby  loosened ;  is  a  small  graduated 
tube  filled  with  mercviry  (the  pressure  gauge),  which,  from  the 
mercury  sinking  as  the  air  is  exhausted,  shows  the  extent  to 
which  exhaustion  is  carried. 

In  the  working  of  this  useful  philosophical  instrument,  the 
utility  and  action  of  the  simple  contrivance  of  a  valve  must 
be  very  striking.  As  the  air  rushes  out,  it  gives  way  and 
allows  it  to  pass ;  but  as  soon  as  it  attempts  to  enter,  it  closes, 
and  the  more  forcibly  the  air  is  made  to  push  against  it,  the 
closer  and  tighter  does  it  become. 

Many  useful  experiments  are  made  with  the  air-pump. 
The  weight  of  the  air  may  be  personally  felt  by  placing  the 
hand  on  one  end  of  a  glass  tube  which  is  open  at  both  ends, 
the  other  end  being  placed  over  the  hole  of  an  air-pump ;  on 
exhausting  the  air,  the  weight  of  the  external  air  is  felt  most 
painfully.  If  the  hand  be  removed,  and  a  piece  of  parchment 
substituted  and  tightly  tied  on,  it  will  sink  inwards  and  finally 
burst  with  a  loud  report. 

A  glass  of  liquid  placed  underneath  a  receiver,  on  the  air 
being  withdrawn  will  bubble  up,  from  the  air  contained  in  it 
escaping ;  by  this  means  is  seen  the  amount  of  air  held  in 
many  liquids  and  soHds. 

A  favouiite  experiment  is  to  place  a  shrivelled  apple  under 
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the  receiver,  Tvhen  it  assumee  all  the  plumpness  and  smooth- 
ness of  fresh  ripeness  instead  of  the  wrinkles  of  age  ;  but 
■when  again  presented  to  fresh  air,  the  apparent  youthfulness 
is  lost,  and  the  appearance  consequent  on  its  natural  condition 
returns. 

A  bladder  half-filled  with  air  and  tightly  tied  at  the  neck, 
when  similarly  treated  will  expand  till  it  bursts.  An  egg  with 
a  prick  in  the  narrow  end,  under  an  exhausted  receiver,  will 
become  empty,  from  the  air  contained  in  the  broad  end  expanding 
and  forcing  out  all  the  delicate  food  encased  in  the  shell. 

These  facts  illustrate  the  expansion  of  air.  The  expansi- 
bility of  air  must  be  very  great ;  for  if  only  one-thousandth 
part  of  the  quantity  contained  in  the  receiver  be  left,  there  is 
still  spring  enough  to  move  the  valve  of  the  pump. 

As  the  valves  in  air-pumps  are  apt  to  get  out  of  repair,  it 
is  a  desideratum  to  have  an  apparatus  without  them.  Mr. 
Eitchie  invented  one  to  act  without  valves,  which  is  there- 
fore so  far  simplified  in  construction.  The  diagram  is  merely 
illustrative  of  its  principle,  not  of  the  arrangement  of  the  parts, 
which  may  be  made  to  suit  convenience.  A  barrel  a  a  (fig.  120) 
is  provided  with  a  piston 
b  b,  the  rod  of  which 
works  through  an  air- 
tight stirffing-box  at  g ; 
the  receiver  cl  standing 
on  a  table  /  is  connected 
to  the  barrel  by  a  pipe 
e  e.  There  is  a  small 
hole  in  the  cover  at  c, 
similar  to  the  vent  of  a 
flute.  Suppose  the  piston 
now  seen  at  the  bottom 
of  the  barrel  beneath  the 
aperture  of  the  pipe  e e 
be  raised,  the  air  above 
it  is  forced  through  the 
aperture  c ;  the  finger 
being  put  on  c,  by  which 

it  is  closed  and  becomes  Kg.  120. 

perfectly  air-tight,  the  piston  is  pressed  down,  and  forms  a 
vacuum  above  it:  immediately  on  the  piston  passing  the  aperture 
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of  the  pipe  e  e,  the  air  from  the  receiver  d  rushes  into  the  barrel 
to  fill  up  the  vacuum.  The  piston  is  then  raised,  and  the  air 
passes  through  c,  the  operation  being  repeated  till  the  requisite 
degree  of  extension  is  obtained  in  the  receiver  d. 

This  principle  of  the  air-pump  has  been  long  applied  to 
manufacturing  purposes.  Watt  adopted  it  in  his  steam-engine ; 
and  in  paper-making,  sugar-making,  and  tanning  of  leather, 
and  numerous  other  piu-poses,  it  has  been  successfully  used. 
A  machine  is  fitted  up  simUar  to  an  air-pump,  having  a  tube 
connected  with  the  syringe  and  a  receiver ;  but  in  this  case 
the  receiver  is  firmly  fastened  down  by  a  cross-piece  of  some 
material  aflQ:xed  to  pillars. 


Fig.  121. 


The  Siphon. 

Every  one  must  have  obsei-ved,  in  passing  along  the  streets 
when  the  great  waggons  of  the  distillers  are  standing  opposite 
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some  spirit-shop,  this  instrument  in  action  emptying  the  huge 
casks  (fig.  121). 

The  siphon  is  a  bent  tube  h  h  (fig.  122)  having  two  legs  of 
unequal  length.  AMien  used,  the  shorter  leg  is  inserted  iato 
the  bung-hole  of  a 
cask  or  other  vessel 
a  a  from  which  it  is 
desired  to  di-aw  off  the 
liquid  itcontains.  The 
tap  c  is  first  closed, 
then  the  mouth  of  a 
person  is  applied  to  a 
small  pipe  cl  cl  to  create 
a  vaciium,  or  the  si- 
phon is  previously- 
filled  with  liquid. 
The  tube  d  d  is  not 
essential  to  the  instru- 
ment. From  the 
pressure  of  the  atmo- 
spheric air  on  the  sur- 
face of  the  liquid  it 
rushes  into  the  siphon, 
when  the  tap  e  of  the 
small  pipe  is  closed 
and  that  of  the  larger 
one  c  opened ;  the  li- 
quid then  flows  out  as  long  as  the  short  leg  is  beneath  the 
surface  of  the  liquid,  and  the  extremity  of  the  long  leg  is  at  a 
lower  level.  By  this  contrivance,  the  vessel  to  be  emptied 
need  not  be  moved,  and  any  sediment,  as  at  mm,  remains 
undisturbed.  The  weight  of  the  liquid  in  the  longer  leg  falling 
from  its  own  gravity  would  leave  a  vacuum,  did  not  the  press- 
ure of  the  air  in  the  cask  or  vessel  force  the  liquid  up  and 
supply  its  place. 

Sometimes  siphons  are  formed  on  a  very  large  scale  for 
supplying  towns  with  water,  or  draining  ponds  or  lakes ;  but 
the  same  law  exists  with  regard  to  them  as  the  pump  ;  that  is, 
they  must  not  lise  above  thirty-two  feet  from  the  surface  of 
the  water,  for  beyond  this  point  the  fluid  will  not  flow. 

If  a  bent  tube  have  two  legs  of  equal  length,  and  be  then 
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filled  with  water  and  one  leg  turned  downwards  into  water, 
the  fluid  will  not  run  off  as  in  the  siphon  described  above ; 
hut  if  a  small  inclination  be  given,  one  leg  in  effect  is  made 
longer  than  the  other,  and  the  water  will  flow  off  as  long  as 
there  is  any  water  remaining  in  the  vessel.  The  reason  of  the 
water  not  flowing  when  the  legs  are  equally  long,  is  that  the 
pressure  of  the  atmosphere  acts  equally  on  both  ends  of  the 
tube ;  but  by  shortening  one  of  the  legs  the  balance  is  de- 
stroyed, and  the  weight  of  the  longest  column  of  water  pre- 
ponderating pulls  the  other  after  it, 

"We  know  that  if  a  chain  or  rope  is  hanging  over  a  high 
beam,  when  the  two  parts  are  equal  it  is  at  rest ;  but  make 
one  longer  than  the  other,  then  the  long  one  drags  the  other 
after  it.  The  contents  of  a  siphon  may  be  compared  to  a 
chain  of  water,  the  weight  of  the  longer  leg  dragging  the 
accumulated  water  off"  in  a  stream  or  chain,  the  pressure  of  the 
air  preventing  this  liquid  chain  from  breaking. 

Mitscherlich  contrived  a  very  neat  little  siphon  (fig.  ]  23) 
for  operative  chemists,  that  they  might  di'aw  off  a  liquid  from 
above  downwards  without  dis- 
turl^iag  any  sediment  d  that 
might  be  in  the  vessel.  It  con- 
sists of  a  bent  tube  ah  c,  having 
legs  of  unequal  length ;  that 
which  is  the  shortest,  and  the  one 
to  be  inserted  in  the  liquid,  is 
bent  upward  at  the  end  c,  so  that 
the  liquid  flows  into  it  from 
above,  and  docs  not  in  the  slight- 
est affect  that  below.  The  finger 
is  placed  on  h,  when  the  instru- 
ment is  intended  to  be  used,  and 
the  air  being  drawn  out  by  suck- 
ing at  e,  the  liquor  flows  in,  and  the  finger  being  removed,  it 
runs  out  at  6. 

The  dipping  siphon  (fig.  124)  bears  but  little  resemblance 
to  the  true  siphon.  Its  principle  is  that  water  which  can  only 
quit  a  vessel  by  a  small  hole,  a  hole  too  small  to  aUow  air  to 
pass  in  to  fill  up  the  vacuum  made,  is  retained  in  that  vessel  by 
the  pressure  of  the  atmosphere.  It  is  used  where  the  con- 
tents of  barrels  or  other  vessels  have  to  be  tasted,  and  there 
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is  no  preparation  for  drawing  oif  the  liquid;  it  is  a  small 
narrow  tubular  vessel  open  at  both  ends,  but  contracted  at  the 
extremity  and  neck.  On  dipping  it  into  the  barrel  or  vessel, 
the  Liquid  enters  and  fills  it ;  the  thumb  is  then  placed  on  the 
hole  at  the  top  of  the  neck,  and  being  drawn  out,  none  of  the 
liquor  escapes  until  the  thumb  is  removed :  upon  doing  so,  a 
glass  or  other  vessel  can  be  filled. 

We  cannot  leave  this  subject  without  noticing  the  pleasing 
toy  called  Tantalus's  cup.  The  poor  fellow  stands  up  to  his 
neck  in  water,  as  described  in  the  fable,  and  whenever  the 
water  is  brought  to  the  level  of  his  chin,  and  he  is  about  to 
quench  his  unbearable  thirst,  the  water  vanishes.  This  is 
accomplished  by  the  figure  having  within  it  a  concealed  siphon. 
The  longer  leg  passes  through  the  bottom  of  the  cup  in  which 
the  figure  is  placed,  and  the  water  is  made  to  stand  not  quite 
so  high  as  the  bend  of  the  siphon ;  therefore  upon  raising  the 
water  to  the  lips,  it  is  over  the  bend  of  the  tube,  and  runs  out 
until  the  vessel  is  empty.  On  the  same  principle  a  conjuring 
trick  is  shown  by  having  a  siphon  concealed  in  the  handle  of 
a  drinking  vessel,  and  upon  asking  a  person  to  partake  of  the 
contents,  when  in  the  act  of  placing  it  to  the  mouth,  it  recedes, 
and  disappointment  ensues. 

In  decanting  a  bottle  of  wine,  the  air  enters  at  one  side  of 
the  neck,  and  thus  allows  the  wine  to  pass  out.  If  a  tap  be 
driven  into  a  full  barrel,  the  liquor  will  only  dribble  out ;  but  if 
a  smaU  hole  be  made  in  the  part  uppermost,  then  the  pressure 
of  the  admitted  air  forces  it  freely  out  of  the  tap.  A  large 
hole,  on  the  same  principle  as  the  bottle,  permits  air  to  find  its 
way  in,  and  then  a  barrel  may  be  speedily  emptied  without  a 
vent-hole. 

The  Barometer. 

The  fact  related  in  a  preceding  article,  that  34  feet  of  water 
balance  the  pressure  of  the  atmosphere,  was  discovered  by 
the  celebrated  Galileo.  Some  pump-makers,  employed  by  the 
Duke  of  Tuscany,  finding  they  could  not  raise  water  above  30 
feet,  in  their  dilemma  applied  for  assistance  to  the  philosopher, 
who  proved  to  them  that  the  law  of  nature  did  not  permit  of 
water  rising  above  a  certain  height  in  a  cylinder  from  which 
the  air  had  been  exhausted.  Not  only  on  the  discovery  of  the 
pressure  of  the  atmosphere,  but  on  other  philosophical  subjects 
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did  Galileo  contend  against  the  prejudices  and  ignorance  of  the 
time  in  which  he  lived.  Evangelista  TorrieelH,  a  young  man 
residing  at  Eome,  watched  with  deep  interest  the  many  im- 
portant truths  elucidated  by  Galileo ;  and  writing  two  tracts, 
one  on  the  motion  of  fluids,  and  the  other  on  mechanics,  he 
received  from  the  aged  philosopher  an  invitation  to  come  to 
Florence.  Shortly  afterwards  Galileo  died,  and  Tomcelli,  at 
the  age  of  thirty-nine,  succeeded  to  the  chair  of  mathematics 
in  the  famous  academy  of  that  city.  Torricelli,  wishing  to 
establish  the  truth  of  the  pressure  of  the  atmosphere,  used,  as 
more  convenient  for  experiment,  mercury  instead  of  water, 
making  an  allowance  for  the  increase  of  weight,  which  is  about 
thirteen  times  that  of  water. 

He  took  a  glass  tube,  one  end  of  which  was  sealed,  and 
having  fiUed  it  with  mercury,  he  placed  the  open  end 
in  a  vessel  a  h  (fig.  125)  containing  the  same  ma- 
terial. On  doing  this,  he  noticed  that  the  mercuiy 
escaped  from  the  glass  tube  until  it  stood  at  s,  a 
height  a  little  more  than  29  inches  above  the  vessel 
of  mercury  in  which  the  open  end  of  the  tube  was 
placed.  Thus,  then,  if  the  pressui'e  of  the  atmo- 
sphere supported  mercury  to  a  little  over  29  inches, 
by  multiplying  that  height  by  13|  (mercuiy  being 
80  many  times  as  heavy  as  water),  he  obtained 
the  result  stated  by  Galileo  of  about  32  feet  (at 
Florence).  Then  to  prove  that  atmospheric  pressure 
varied  under  different  circumstances,  he  made  the 
same  experiment  on  the  tops  of  high  buildings  and 
the  summits  of  mountains.  The  result  to  the  world  ^ 
was  the  great  discovery  of  the  barometer.  The 
variation  of  the  mercury  on  coming  storms  and  hot 
weather  was  remarked,  and  its  important  application  ^^S- 
to  the  wants  of  man  on  sea  or  land  rendered  ajDparent.  To 
the  shepherd  in  saving  his  flocks,  to  the  farmer  in  storing  his 
hay  or  corn,  to  the  sailor  in  preserving  his  ship  and  crew,  the 
barometer  is  invaluable ;  for  often  when  all  is  serene  and  sun- 
shine, without  a  speck  in  the  vault  of  heaven,  the  faithful 
monitor  wiU  give  note  of  ceming  danger. 

Three  vessels  were  saihng  in  the  Chinese  seas  in  1847  in 
very  calm  weather.  The  first  vessel  suddenly  hauled  in  every 
sail.    The  singularity  of  this  act,  apparently  without  any 
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reason  for  so  doing,  struck  the  mariners  on  board  the  second 
ship  mth  astonishment,  and  the  mate  and 
captain  consulted  together  as  to  this  strange 
conduct,  when  it  occurred  to  the  former  to  hasten 
to  the  cabin  and  look  at  the  barometer ;  and  in 
his  fright,  he  shouted  out  that  it  had  suddenly 
sunk  an  inch.  Every  hand  was  instantly  at  work, 
and  in  a  few  minutes  the  vessel  was  under  bare 
poles.  They  now  turned  their  attention  to  the 
last  vessel,  and  on  looking,  saw  every  officer  with 
his  telescope  attempting  to  define  the  cause  for 
such  a  remarkable  and  rapid  manoeuvre.  Seeing 
they  did  not  follow  their  example,  the  captain 
signalled  to  them  the  impending  danger,  and  at 
once  they  began  to  take  in  sail ;  but  it  was  too 
late,  a  terrific  typhoon  swept  over  the  ocean — ^the 
azure  sea  became  a  mass  of  white  foam — the 
vessels  were  whirled  about  like  chaff.  As  soon 
as  possible  they  looked  for  their  companions; 
the  first  was  safe,  the  other  had  found  a  watery 
grave.  Torricelli's  contemporaries  scofiingly 
demanded  of  him  the  practical  use  of  this  new 
instrument.  The  sailors  who  witnessed  this 
scene  could  have  given  a  more  satisfactory  reply 
to  these  questioners  than  the  inventor  himself. 

The  barometer  (which  means  a  weight  measure') 
consists  of  a  narrow  glass  tube,  about  34  inches 
long,  closed  at  the  top,  having  a  small  bulb  of 
mercury  at  the  lower  end ;  this  is  placed  upright 
in  a  frame,  and  from  5  to  6  inches  exposed  to 
view,  on  which  part  there  are  figures  indicating 
the  number  of  inches  from  the  mercury  at  the 
bottom  of  the  tube,  and  the  words  fait',  change, 
wind,  rain,  stormy,  &c.  (fig.  126), 

Others  are  termed  wheel-barometers;  these 
have  a  bent  tube  c  k  b  (fig.  127)  to  hold  the 
mercury,  on  the  top  of  which  is  a  small  float  e, 
having  a  silken  tliread  a  attached,  passing  over  a 
pulley  Q,  and  balanced  by  a  little  plummet  r. 
On  the  rise  or  fall  of  the  mercury,  the  thread 
turns  a  small  pointer  n,  which  indicates  the    Fig.  127. 
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various  changes,  as  they  are  marked  on  a  dial  l,  similar  to 
the  face  of  a  clock. 

In  England,  the  ordinary  range  of  the  mercury  is  from  29 
to  30  inches,  and  its  greatest  3  inches ;  in  Russia,  inches. 
Near  the  tropics  there  is  little  or  no  variation ;  at  Jamaica 
seldom  more  than  three-tenths  of  an  inch;  and  at  Naples 
about  1  inch. 

Por  minute  observation,  there  is  a  little  graduated  index 
called  a  vernier,  affixed,  which  shows  the  fluctuation  of  the 
mercury  to  the  hundredth  part  of  an  inch. 

The  barometer,  as  a  weather-glass,  cannot  be  said  to  give  an 
invariable  indication ;  it  merely  shows  that  a  change  is  taking 
place  from  the  former  condition  of  the  atmosphere.  It  measures 
the  weight  of  the  air,  and  becomes  a  weather-glass  only  by 
reason  of  the  observed  fact  that  the  column  of  atmosphere  is 
heavier  in  fine,  lighter  in  foul  weather.  "^Iien  the  mercury 
rises,  fair  weather  may  be  expected,  and  when  it  falls,  rain, 
snow,  and  storms ;  when  it  falls  very  low,  it  presages  great 
■\\inds,  though  not  necessai'ily  rain.  In  summer,  when  the 
mercury  descends,  thunder  may  be  expected ;  in  winter,  when 
it  rises,  frost ;  a  fall  during  frost  indicates  a  thaw,  and  a  rise, 
snow.  If  the  change  in  weather  foUows  closely  upon  that  of 
the  mercury,  such  change  will  be  of  short  duration.  When 
mercury  falls  quickly,  it  indicates  wind ;  and  if  it  fall  half  an 
inch  in  an  hoiu'  in  London,  and  immediately  change  its  direc- 
tion, there  may  be  expected  a  wind  with  a  velocity  of  nearly 
60  miles  an  hour.  K  there  be  a  sudden  fall  of  the  mercury, 
and  no  particular  immediate  change,  by  noting  the  direction 
of  the  wind  some  hours  afterwards,  the  situation  of  the  storm 
that  occurred  may  be  known ;  and  if  the  time  from  the  falling 
of  the  mercury  to  the  changing  of  the  wind  be  noted,  the  exact 
distance  of  the  storm  may  be  calculated.  For  the  atmosphere 
at  that  place  having  become  rarefied,  the  air  moves  rapidly 
from  all  parts  to  fiU  up  the  partial  vacuum,  as  air  is  drawn  to 
a  fire-place  by  the  heat.  This  was  beautifully  illustrated  in 
the  Great  Exhibition,  where  the  direction  of  the  wind  in  aU 
the  principal  towns  was  shown  by  the  position  of  little  arrows, 
the  information  being  daily  transmitted  by  electric  telegraph. 
The  theory  stated  above  was  carefully  watched  by  Mr.  Holmes ; 
and  he  became  perfectly  satisfied,  by  demonstration,  of  its  truth. 
The  same  gentleman  considers  that  every  storm  has  a  similar 
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one  at  its  antipode ;  that  storms  being  excited  by  electricity, 
it  is  possible  that  one  may  exist  at  a  positive  and  one  at  a 
negative  point.  The  observations,  as  yet,  are  too  few  to 
establish  the  fact ;  but  as  far  as  at  present  known,  they  are 
corroborative. 

Barometers  are  further  employed  for  measuring  heights. 
At  the  level  of  the  sea  the  mercury  stands,  say  at  29  inches 
and  five-tenths ;  at  a  height  of  500  feet,  it  is  found  to  have 
sunk  half  an  inch.  At  3|  miles  it  is  15  inches,  or  nearly  one- 
half;  at  the  height  of  4  miles  only  12  inches  high.  This  proves 
that  one-half  of  our  atmosphere  is  within  3|  miles  of  the 
earth's  surface. 

In  18-M  an  aneroid  barometer  was  patented,  in  which, 
instead  of  depending  on  the  pressm-e 
of  the  atmosphere  on  mercury,  the 
variations  were  poiated  out  by  the 
pressure  of  the  air  on  laminae  or 
diaphragms,  consisting  of  thin  sheets 
of  metal-,  glass,  caoutchouc,  or  other 
elastic  substance;  but  generally  a 
thin  piece  of  copper-sheet  corrugated 
circularly,  so  as  to  ^be  sensible  of  the 
slightest  pressure.  A  dial-plate  with 
index  pointers  is  placed  over  the  dia-  ^ig-  128. 

phragm.  A  brass  box,  from  which  the  air  is  extracted,  is 
covered  over  by  this  elastic  substance,  supported  from  the 
pressure  of  the  air  by  a  number  of  delicate  spiral  springs  fixed 
to  the  bottom.  "When  the  atmosphere  becomes  heavy,  the 
springs  sink,  and  move  the  index  hand ;  and  when  light,  the 
springs  become  more  lengthened,  which  change  is  also  in- 
dicated. This  new  barometer  has  not  been  sufiBiciently  tested 
by  scientific  men  to  justify  a  decided  opinion  of  its  merits; 
it  certainly  does  not  possess  the  simplicity  of  the  merciu-ial 
barometer,  which  in  principle  is  a  common  lever.  Never- 
theless it  shows  the  wonderful  elasticity  of  the  atmosphere. 
The  atmosphere  is  acted  upon  by  gravity,  and  its  weight  is 
greatest  at  the  surface  of  the  earth,  and  less  the  higher  we 
ascend.  The  invention  of  the  barometer  decided  its  exact 
weight.  To  prove  that  this  weight  is  the  cause  of  the  mercury 
standing  in  the  tube  of  the  barometer,  it  is  sufficient  to  place 
the  tube  in  a  basin  of  mercury,  under  the  receiver  of  an  air- 
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piunp,  when  at  every  turn  of  the  handle  the  mercury  sinks ; 
and  if  all  the  air  be  removed  from  the  surface  of  the  mercury, 
the  height  of  that  in  the  tube  and  basin  vdll  be  the  same. 
When  the  air  is  allowed  to  enter,  the .  mercury  rises  in  the 
tube  to  its  usual  height.  The  pressure  of  the  atmosphere  is 
thereby  proved  to  be  equal  to  a  column  of  mercuiy  30  inches 
high ;  now  if  it  be  calculated  at  1  inch  square  at  its  base,  that 
will  be  30  cubic  inches  of  mercury ;  and  as  a  cubic  inch  of 
mercury  weighs  7-85  ounces,  this  multiplied  by  30  is  equal  to 
235-5  ounces,  or  14'9  pounds.  We  commonly  say,  therefore, 
that  the  atmosj)here  at  tlie  earth's  surface  presses  on  aU  things 
it  touches  with  a  Aveight  of  15  lb.  on  oveiy  square  inch.  Hence 
the  weight  of  the  atmosphere  is  the  same  as  if  the  whole  globe 
were  covered  Avith  a  skin  of  mercury  30  inches  thick.  This 
weight  is  equal  to  that  of  a  solid  globe  of  lead  20  miles  in 
diameter,  which  if  Ave  had  to  move,  we  should  hardly  use  with 
respect  to  it  the  flippant  expression  "  as  light  as  aii-." 

The  following  manual  of  the  barometer  has  been  compiled 
by  Ecar  Admii-al  PitzRoy : — 

A  rapid  rise  of  the  barometer  indicates  imsettled  weather ; 
a  sloAv  movement  the  contrary  ;  as  likcAsdse  a  steady  barometer, 
which,  when  continued,  and  with  dryness,  foretells  very  fine 
weather. 

A  rapid  and  considerable  faU  is  a  sign  of  stormy  weather 
and  rain  (or  snow).  Alternate  rising  and  sinking  indicates 
imsettled  and  threatening  weather. 

The  greatest  depressions  of  the  barometer  are  with  gales 
from  S.E.,  S.,  or  S.W. ;  the  greatest  elevations,  Avith  Avind 
from  N".,  or  jST.E.,  or  with  calm.    Though  the  barometer 

generally  falls  with  a  southerly  and  rises  Avith  a  northerly 
Avind,  the  contrary  sometimes  occurs;  in  which  cases  the 
southerly  Avind  is  usually  diy  Avith  fine  weather,  or  the 
northerly  Avind  is  violent  and  accompanied  by  rain,  snow,  or 
hail ;  perhaps  with  lightning. 

When  the  barometer  sinks  considerably,  much  Avind,  rain, 
(perhaps  Avith  hail)  or  snoAV  AviU  follow;  Avith  or  Avithout 
lightning.  The  Avind  will  be  from  the  northward,  if  the  ther- 
mometer is  low  (for  the  season) ;  from  the  southward,  if  the 
thermometer  is  high.  Occasionally  a  low  glass  is  followed  or 
attended  by  lightning  only,  while  a  storm  is  beyond  the 
horizon. 
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A  sudden  fall  of  the  barometer,  with  a  -westerly  wind,  is 
sometimes  followed  by  a  violent  storm  from  N.W.,  or  IST.,  or 
K.E. 

If  a  gale  sets  in  from  E.  or  S.E.,  and  the  wiad  veers  by  the 
S.,  the  barometer  wUl  continue  falling  until  the  wind  is  near 
a  mai-ked  change,  when  a  lull  may  occiu' ;  after  which  the  gale 
wUi  soon  be  renewed,  perhaps  suddenly  and  violently,  and  the 
veering  of  the  wiud  towards  the  N.W.,  N.,  or  N.E.  will  be 
indicated  by  a  rising  of  the  barometer  with  a  fall  of  the  ther- 
mometer. 

Three  causes  (at  least)  appear  to  aifect  the  barometer : — 

1.  The  direction  of  the  wiad — the  north-east  wind  tending 
to  raise  it  most ;  the  south-west  to  lower  it  the  most,  and  wind 
from  points  of  the  compass  between  them  proportionally  as 
they  are  nearer  one  or  the  other  extreme  point.  N.E.  and 
S.W.  may  therefore  be  called  the  mnd's  extreme  bearings 
(rather  than  poles).  The  range  or  difference  of  height  shown 
due  to  change  of  direction  only,  from  one  of  these  bearings  to 
the  other  (supposiug  strength  or  force  and  moisture  to  remain 
the  same),  amounts  in  these  latitudes  to  about  half  an  inch  (as 
read  off). 

2.  The  amount — taken  by  itself — of  vapour,  moisture,  wet, 
rain,  or  snow  in  the  wiad,  or  current  of  air  (direction  and 
strength  of  wind  remaining  the  same),  seems  to  cause  a  change 
amountiug  in  an  extreme  case  toj  about  half  an  inch. 

3.  The  strength  or  force,  alone  of. wind,  from  any  quarter 
(moisture  and  direction  being  unchanged),  is  preceded  or  fore- 
told by  a  fall  or  rise,  according  as  the  strength  will  be  greater 
or  less,  ranging'  ia  an  extreme  case  to  more  than  2  inches.  ^ 

Hence,  supposing  three  causes  to  act  together — in  extreme 
cases — the  height  would  vary  from  near  31  inches  (30-9)  to 
about  27  inches  (27- 0),  which  has  happened,  though  rarely 
(and  even  ia  tropical  latitudes).  In  general,  the  three  causes 
act  much  less  strongly,  and  are  less  in  accord ;  so  that  ordinary 
varieties  of  weather  occur  much  more  frequently  than  extreme 
changes. 

Another  general  rule  requires  attention,  which  is,  that  the 
wind  usually  appears  to  veer,  shift,  or  go  round  with  the  sun 
(right-handed,  or  from  left  to  right),  and  that,  when  it  does 
not  do  so,  or  backs,  more  wind  or  bad  weather  may  be  expected 
instead  of  improvement. 
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It  is  not  by  any  means  intended  to  discourage  attention  to 
what  is  usually  called  "  weather  wisdom."  On  the  contrary, 
every  prudent  person  will  combine  observation  of  the  elements 
with  such  indications  as  he  may  obtain  from  instruments,  and 
will  find  that  the  more  accurately  the  two  sources  of  fore- 
knowledge are  compared  and  combined,  the  more  satisfactory 
their  results  will  prove. 

A  barometer  begins  to  rise  considerably  before  the  conclusion 
of  a  gale,  sometimes  even  at  its  commencement,  Althoixgh  it 
falls  lowest  before  high  winds,  it  frequently  sinks  very  much 
before  heavy  rain.  The  barometer  falls,  but  not  always,  on 
the  approach  of  thunder  and  lightning.  Before  and  during 
the  earHer  part  of  settled  weather  it  usually  stands  high  and 
is  stationary,  the  air  being  diy. 

Instances  of  fine  weather,  with  a  low  glass,  occur,  however, 
rarely ;  but  they  are  always  preludes  to  a  duration  of  wind  or 
rain,  if  not  both. 

After  very  warm  and  calm  weather,  a  storm  or  squall,  with 
rain,  may  follow ;  likewise  at  any  time  when  the  atmosphere 
is  heated  much  above  the  iisual  temperature  of  the  season. 

Allowance  should  invariably  be  made  for  the  previous  state 
of  the  glasses  during  some  days,  as  well  as  some  hours,  because 
their  indications  may  be  affected  by  distant  causes,  or  by 
changes  close  at  hand.  Some  of  these  changes  may  occur  at 
a  greater  or  less  distance,  influencing  neighbouring  regions, 
but  not  visible  to  each  observer  whose  barometer  feels  their 
effect. 

There  may  be  heavy  rains  or  violent  winds  beyond  the 
horizon,  and  the  view  of  an  observer,  by  which  his  instruments 
may  be  affected  considerably,  though  no  particular  change  of 
weather  occurs  in  his  immediate  locality. 

It  may  be  repeated  that  the  longer  a  change  of  wind  or 
weather  is  foretold  before  it  takes  place,  the  longer  the  pre- 
saged weather  will  last;  and  conversely, the  shorter  the  warning, 
the  less  time,  whatever  causes  the  warning,  whether  wind  or 
a  fall  of  rain  or  snow,  will  continue. 

Sometimes  severe  weather  from  the  southward,  not  lasting 
long,  may  cause  no  great  fall,  because  followed  by  a  duration 
of  wind  from  the  northward,  and  at  times  the  barometer  may 
fall  with  northerly  winds  and  fine  weather,  apparently  against 
these  rules,  because  a  continuance  of  southerly  wind  is  about 


THE  BAHOMETER. 


181 


to  follow.  By  such  changes  as  these  one  may  bo  misled,  and 
calamity  may  be  the  consequence,  if  not  duly  forewarned. 

A  few  of  the  more  marked  signs  of  weather,  useful  ahke  to 
seaman,  farmer,  and  gardener,  are  the  following ; — • 

"Whether  clear  or  cloudy,  a  rosy  sky  at  sunset  presages  fine 
weather ;  a  red  sky  ia  the  morning  bad  weather,  or  much  wind 
(perhaps  rain) ;  a  grey  sky  in  the  morning,  fine  weather ;  a 
high  dawn,  wind ;  a  low  dawn,  fair  weather. 

Soft-looking  or  deUcate  clouds  foretell  fine  weather,  with 
moderate  or  light  breezes;  hard-edged,  oily-looldng  clouds, 
wind.  A  dark,  gloomy,  blue  sky  is  windy;  but  a  hght, 
bright  blue  sky  indicates  fine  weather.  Generally  the  softer 
clouds  look,  the  less  wind  (but  perhaps  more  rain)  may  be 
expected;  and  the  harder,  more  "greasy,"  rolled,  tufted,  or 
ragged,  the  stronger  the  comiug  wind  will  prove.  Also,  a 
bright  yellow  sky  at  sunset  presages  wind;  a  pale  yellow, 
wet — and  thus  by  the  prevalence  of  red,  yellow,  or  grey  tints, 
the  coming  weather  may  be  foretold  very  nearly ;  indeed,  if 
aided  by  instruments,  almost  exactly. 

Small  inky-looking  clouds  foretell  rain ;  light  scud  clouds 
driving  across  heavy  masses  show  wind  and  rain,  but,  if  alone, 
may  indicate  wind  only. 

High  upper  clouds  crossing  the  sun,  moon,  or  stars  in  a 
direction  different  from  that  of  the  lower  clouds,  or  the  wind 
then  felt  below,  foretell  a  change  of  wind. 

After  fine  clear  weather  the  first  signs  in  the  sky  of  a  coming 
change  are  usually  light  streaks,  curls,  wisps,  or  mottled 
patches  of  white  distant  cloud,  which  increase,  and  are  followed 
by  an  overcasting  of  murky  vapour  that  grows  into  cloudiness. 
This  appearance,  more  or  less  oUy  or  watery,  as  wind  or  rain 
will  prevail,  is  an  infallible  sign. 

Usually  the  higher  and  more  distant  such  clouds  seem  to  be, 
the  more  gradual,  but  general,  the  coming  change  of  weather 
will  prove. 

Light,  dcHcate,  quiet  tints  or  colours,  with  soft,  undefined 
forms  of  clouds,  indicate  and  accompany  fine  weather;  but 
gaudy  or  unusual  hues,  with  hard,  definitely  outlined  clouds, 
foretell  rain,  and  probably  strong  wind. 

Misty  clouds  forming  or  hanging  on  heights  show  wind  and 
rain  coming,  if  they  remain,  increase  or  descend.  If  they  rise 
or  disperse,  the  weather  will  improve  or  become  fine. 
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a  saucer  filled  with  hot  water ;  the  latter  supposed  to  be  the 
laud,  the  former  the  sea.  Take  a  candle  which  has  just  been 
blo^vn  out  and  hold  it  over  the  cold  water, — the  smoke  will  be 
seen  to  move  towards  the  saucer  containing  the  hot  water. 
Again,  fill  the  dish  with  hot  water  and  the  saucer  ^ith  cold, 
then  hold  the  extinguished  candle  over  the  saucer,  and  the 
smoke  will  move  to  the  dish  of  hot  water. 

In  tliis  country  exist  what  are  called  variable  winds ;  chan- 
ging often  in  the  most  rapid  manner,  the  clouds  passing  in 
different  directions  to  the  breeze  felt  at  the  earth's  surface. 
Usually  a  south  and  west  wind,  which  blows  from  the  Atlantic, 
brings  warmth  and  moisture ;  a  north  and  east  wind,  cold  and 
dryness.  In  Western  Europe  storms  come  generally  from  the 
south-west,  and  arise  from  the  straggle  of  a  powerful  south- 
west current  with  that  setting  from  the  north-east :  the  south- 
west mud  also  contains  most  moisture.  The  force  of  storms 
is  accounted  for  by  the  vast  swiftness  of  their  progress. 

Much  attention  has  been  given  by  scientific  men  to  the 
subject,  and  the  following  are  the  results  they  have  arrived 
at:— 


THE  PREVAILING  WINDS  AT  LONDON. 


AVinds.  Days. 
South-west  .  .  ,112 
North-east  .  .  .  ,  58 
North-Tvest  ...  50 
West      ....  53 


Winds.  Days. 

South-east      ...  32 

East       ....  26 

South     ....  18 

North     ....  16 


The  south-west  wmd  blows  more  upon  an  average  in  each  month  of 
the  year  than  any  otlier,  particularly  in  July  and  August ;  the  north-east 
prevails  during  January,  March,  April,  May,  and  June,  and  is  most  un- 
Irequent  in  February,  July,  September,  and  December  ;  the  north-west 
occurs  more  frequently  from  November  to  March,  and  less  so  in  Septem- 
ber and  October,  than  in  any  other  months. 


Average  of  seven  years,  by  Dr.  Meek,  near  Glasgow : — 


Winds.  Days. 
South-west  ...  174 
North-west   ...  40 


winds.  Days. 
North-east  ....  104 
South-east   ....  47 


In  Ireland  the  prevailing  winds  are  the  west  and  south-west.  If  the 
wind  veers  about  much,  rain  will  ensue ;  if  in  changing  it  follows  the 
course  of  the  sun,  it  brings  fair  weather ;  the  contrary,  foul. 


ON  THE  NATUKE  OF  WJOTDS. — MODE  OP  COIXECTINa  GASES.  185 


CAPTAIN  BEAUFOKT'S  SCALE. 


Light  air  . 
Light  breeze  . 
G«ntle  breeze . 
Moderate  breeze 
Fresh  breeze  . 
Strong  breeze . 


Hourly  velocity. 
0-lmile. 
5  miles. 
10 
15 
20 
25 


Moderate  gale 
Fresh  gale 
Strong  gale 
Heavy  gale 
Storm  . 
Hurricane 


Hourly  velocity. 
.  30  miles. 
.  45 
.  50 
.  70 
.  80 
.  100,  &c. 


TABLE  OF  THE  FORCE  OF  WIND. 


The  foUovnng  Table  may  be  considered  to  express  the  relation  between 
the  Telocity  and  force  of  wind : — 


Velocity  of  the  wind. 
Miles  in  an  hour. 

Feet  in  & 
second. 

Perpendicular  force 
on  one  foot  area  in 
pounds  avoirdupois. 

1 

1-47 

•005 

2 

2-93 

•020 

3 

4-40 

•044 

4 

5-87 

•079 

6 

7-33 

•123 

10 

14-67 

•429 

15. 

22-00 

1-107 

20 

29-34 

1-968 

25 

36-67 

3-075 

30 

44-01 

4-429 

35 

61-34 

6-027 

40 

68-68 

7-873 

45 

6601 

9-963 

50 

73-35 

12-300 

60 

8802 

17-715 

80 

117-36 

31-490 

100 

146-70 

49-200 

Common  terms  used  of  the 
force  of  wind. 


Hardly  perceptible. 
Just  perceptible. 

Grentle  pleasant  wind. 

Pleasant  brisk  gale. 

Very  brisk. 

High  -wind. 

Very  high  wind. 

Storm  or  tempest. 
Great  storm. 
A  hurricane. 
'  A  hurricane  that  tears 
up    trees,  carries 
buildings  before  it, 
&c. 


Mode  of  Collecting  Oases. 

The  principle  of  the  lighter  fluid  floating  up  through  a 
heavier  one  is  exemplified  in  that  useful  apparatus  found  in  the 
laboratory  of  the  chemist,  and  exhibited  in  popular  lectures  on 
the  science  of  chemistry — the  pneumatic  trough. 

The  material  from  which  it  is  desirable  to  evolve  gas  is 
placed  in  a  retort  a  (fig.  129)  or  other  convenient  apparatus, 
and  sometimes  heated  by  a  spirit-lamp  h  or  fire.  The  gas 
flows  along  the  pipe-neck  of  the  retort,  the  end  of  which  is 
placed  under  water,  and  lea-ving  the  pipe,  floats  up  thi-ough 
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the  water,  enters  the  receiver  c,  displaces  the  water  in  it,  and 


rig.  130. 
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is  thus  collected  for  the  pui-poses  required  by  the  experira  enter. 
When  it  is  desired  to  preserve  the  gas,  or  move  it  to  a  distance 
conveniently,  a  bladder  should  be  screwed  on  to  the  top  of  the 
receiver,  which  being  gradually  sunk  in  water,  the  gas  is 
pushed  upwai-ds  into  the  bladder. 

On  a  large  scale,  the  operation  we  have  just  described  is 
carried  on  in  those  gas-works  which  supply  towns — the  vessel 
which  holds  the  gas  being  called  a  gasometer.  This  consists 
of  a  large  cylindrical  vessel  bhb  (fig.  130),  made  of  sheet-iron 
and  perfectly  air-tight,  suspended  mouth  downwards  by  chains 
c  c,  puUeys  d  d,  and  balance-weights  ee,  in  a,  tank  of  water 
a  a.  The  gas  flows  in  through  the  water  by  means  of  pipes, 
and  raises  up  the  receiver.  Other  pipes  are  placed  to  conduct 
the  gas  to  its  destination,  which  come  out  above  the  water, 
and  by  certain  contrivances  a  steady  pressure  is  kept  up  to 
force  the  gas  out,  thus  giving  a  continuous  even  light  to  all 
the  consumers.  //  are  the  pillars  for  supporting  the  pulleys ; 
the  gas  occupies  the  top,  m  m,  of  the  gasometer  as  it  rises. 

TJie  Diving  Bell. 

The  observation,  that  on  thrusting  a  glass  with  its  mouth 
downwards  in  water,  the  air  resisted  the  Liquid  so  as  only  to 
allow  it  to  rise  a  little  height  in  the  glass,  gave  rise  to  that 
valuable  modern  invention  the  Diving  Bell.    By  means  of  this 
invention  much  treasiu^e  has  been  rescued  from  the  bottom  of 
the  ocean,  the  foixndations  of  lighthouses  have  been  laid,  the 
walls  of  piers  constructed  under  water,  and  the  foundations  of 
bridges  built  and  repaired.    These  bells,  although  sometimes 
square,  are  generally  in  the  form  denoted  by  their  name.  They 
are  either  made  of  heavy  material,  or  have  appliances  to  cause 
them  to  sink.    When  lowered  from  the  attendant  ship  or  barge 
laden  with  workmen,  the  air  becomes  compi'essed,  and  if  sunk 
to  a  depth  of  34  feet,  the  air  in  it  is  compressed  to  one -half, 
or  to  a  double  atmosphere.    This  would  allow  of  the  vessel 
being  half-filled  with  water,  while  the  air  would  be  so  con- 
densed that  the  men  would  inhale  at  each  breath  twice  as 
much  as  they  were  accustomed  to  do  on  land ;  therefore,  not 
only  to  ease  the  pressure,  which  is  according  to  the  depth  the 
bell  is  in  the  water,  but  also  to  give  vitality  to  the  air,  a  pipe 
is  connected  with  it,  thi-ough  which  fresh  air  is  forced  down  to 
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the  men  by  means  of  a  pump ;  while  at  the  top  of  the  bell  is 
a  cock  by  which  the  air  that  has  been  breathed  is  allowed  to 
escape.  "When  it  is  necessary  to  leave  the  beU  to  travel  a 
short  distance,  the  man  having  to  do  so  puts  on  a  helmet,  and 
has  a  pipe  leading  to  it  from  the  bell :  should  the  ground  in 
Ms  exploring  expedition  be  so  imeven  that  he  either  rises 
above  or  below  the  level  of  the  air  in  the  beU,  he  at  once  feels 
it ;  when  above,  the  air  rushes  to  him,  and  becomes  so  com- 
pressed that  he  with  diiiiculty  breathes  ;  and  if  below,  the 
sluggish  supply  renders  exertion  necessary.  Still,  such  is  the 
present  excellence  of  the  arrangements  for  prosecuting  sub- 
marine labour,  that  it  is  now  tindei-takcn  without  more  than 
the  ordinary  danger  attendant  on  manual  operations,  and 
adopted  as  a  common  branch  of  industry.  On  fii'st  going  down, 
a  painful  sensation  is  experienced  in  the  ears,  which  is  relieved 
by  resorting  to  the  movement  of  swalloiv  'mg. 

The  situation  of  the  diving  bell  at  the  depth  of  34  feet 
presents  this  difficulty  to  be  overcome — the  water  presses  on 
the  air  in  it  with  a  force  of  15  lb.  per  inch ;  the  power  of  the 
force-pump  to  overcome  this  resistance,  by  which  the  under- 
sea toiler  is  enabled  to  jjursue  his  avocations  with  bearable 
comfort,  must  be  extraordinary. 

Aeronautics. 

A  man  of  a  philosophical  mind,  observing  some  little  boys 
amusing  themselves  in  mixing  soap  and  water,  and  blowing 
bubbles  thi-ough  a  pipe,  and  noting  that  if  in  this  childish 
game  the  operation  were  performed  with  cold  water  the  tiny 
globes  speedily  feU  to  the  ground,  and  that  the  hotter  the 
water  the  more  quickly  did  they  soar  aloft,  is  said  to  have  con- 
ceived the  first  idea  of  an  air-balloon. 

The  first  balloons  were  filled  with  air  heated  by  a  fire  kept 
burning  underneath  the  mouth  of  the  silken  bag:  the  idea 
being  that,  by  burning  straw  and  other  combustibles,  a  cloud 
was  being  formed,  caught,  and  held,  so  that  a  man  might  swing 
from  it  and  take  an  aerial  journey,  "\^^len  announced  as  suc- 
oessful,  they  were  the  wonder  of  the  age ;  the  world  rang  with 
the  great  discovery,  miracles  were  predicted  as  capable  of  being 
achieved  by  a  flight  into  the  ethereal  ocean,  while,  as  is  often 
the  case  in  scientific  researches,  the  impiety  of  the  act  was 


AEKONAXTTICS, 


189 


denounced,  and  stated  to  be  deserving  the  vengeance  of  the 
Almighty. 

The  hot-air  balloons  were  succeeded  by  those  filled  with 
hydi'ogcn  gas;  but  upon  the  carburetted  hydrogen  used  for 
the  purpose  of  lighting  towns  being  extensively  manufactured, 
the  aeronauts  found  it  more  advantageous  to  increase  the  size 
of  theii-  silken  varnished  bags,  and  fill  them  with  common 
coal-gas,  than  have  them  smaller,  and  filled  by  the  lighter  gas 
of  pui-c  hydrogen. 

It  is  found  that  a  balloon  when  fiilled  with  gas  is  only  the 
eighth  of  the  weight  of  the  surrotmding  atmosphere ;  thus  if 
the  weight  of  the  quantity  of  cubic  feet  of  common  air  neces- 
sary to  fill  a  balloon  were  1600  lbs.,  the  same  quantity  of  gas 
woxild  only  weigh  200  lbs. ;  and  if  the  weight  of  the  apparatus 
be  another  200  lbs.,  the  balloon  would  lift  1200  lbs.  Should  the 
balloon  be  filled  before  starting  on  its  aerial  voyage,  some  gas 
must  be  allowed  to  escape,  else  in  its  ascent  it  would  expand 
and  burst  its  silken  prison.  Not  only  has  this  point  to  be  re- 
garded by  the  managers,  but,  on  being  balanced  in  the  air,  the 
machine  must  be  lightened  by  casting  out  ballast.  On  rising 
beyond  a  certain  height  the  gas  has  again  to  be  emitted,  as  the 
air  becomes  more  rarefied;  thus  the  more  this  ascent  progresses, 
the  more  the  power  of  buoyancy  decreases,  and  a  descent  at 
length  becomes  necessary,  requiiing  skill  in  eff'ecting  it  safely. 

Man  has  been  gratified  in  viewing  places  under  an  aspect  he 
never  could  have  done  but  for  balloons.  The  benefit  to  society 
from  their  invention  has  been  comparatively  nothing,  as  no  one 
has  hitherto  succeeded  in  guiding  them ;  in  the  air  they  are 
the  creatures  of  every  current,  and  are  driven  by  them  whither 
they  list.  Gay-Lussac,  the  celebrated  French  chemist,  as- 
cended to  the  height  of  22,960  feet,  upwards  of  four  miles  and 
a  quarter,  for  the  purpose  of  scientific  investigation.  His 
principal  object  was  to  ascertain  if  the  magnetic  influence 
existing  at  the  earth's  surface  ceased  at  a  certain  elevation,  but 
he  could  not  discover  any  sensible  difference.  The  air  he  also 
found  to  consist  of  the  same  elements  as  that  of  the  lower 
strata.  Considerable  difficulty  was  found  in  respiration,  and 
there  was  a  current  of  upwards  of  60  miles  an  hour. 

Daring  the  autumn  of  1852,  four  balloon  ascents  were 
made  by  Mr.  Welsh,  under  the  guidance  of  the  distinguished 
aeronaut,  Mr.  Green.    Attention  was  chiefly  directed  to  the 
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determination  of  the  pressure,  temperature,  and  moisture  of 
the  air  at  ditierent  altitudes.  The  decrease  of  temperature  in 
ascending  was  veiy  irregular, — being  changed  even  in  some 
cases  to  an  increase ;  but  the  mean  result  gives  a  decrease  of 
1°  Fahr.  for  every  348  feet  of  ascent, — agreeing  vs^ithin  5  or  6 
feet  with  the  result  obtained  by  Gay-Lussac.  The  greatest 
height  attained  by  Itr.  Welsh  was  22,940  feet.  A  repetition 
of  similai"  observation  in  ascents  made  from  different  points 
of  the  earth's  siuface  could  scarcely  fail  to  lead  to  valuable 
information  for  the  science  of  meteorology. 

The  great  JTassau  balloon,  constructed  by  the  veteran  aero- 
naut Green  for  navigating  the  aerial  ocean,  is  64  feet  diameter, 
and  when  filled  holds  80,000  cubic  feet  of  gas.  The  weight 
of  the  silk  is  80  lbs. ;  the  greater  cable  and  grappling-ii'on  3^ 
cwt.,  the  smaller  one  1|  cwt.,  both  of  which  ai-e  taken  up  in 
rough  weather  ;  the  iron  ring  to  which  the  netting  is  affixed, 
and  from  which  the  car  is  suspended,  is  3^  cwt. ;  the  entire 
weight  it  will  carry  when  loaded  to  the  iitmost  is  6000  lbs.  ; 
if  filled  with  pure  hydrogen,  it  would  carry  up  40,000  lbs. 
The  large,  cable  is  inches  in  cii-cumference,  and  has  india- 
rubber  interwoven,  that  its  elasticity  may  be  increased.  The 
greatest  number  of  persons  who  have  ascended  in  it  at  one 
time  to  enjoy  the  wonders  and  participate  in  the  dangers  of  an 
aerial  voyage,  has  been  eighteen.  A  barometer,  preserved 
with  religious  care  by  this  skilful  aeronaut,  shows  the  mer- 
cmy  to  have  been  once  as  low  as  7|  inches,  which  would 
give  the  height  attained  about  six  miles.  He  states  that 
aU  the  moisture  in  the  higher  regions  was  in  a  frozen  state, 
as  snow,  and  not  as  vapour;  and  that  even  on  the  finest 
and  hottest  day,  when  not  a  cloud  was  visible,  the  balloon  was 
covered  by  8  inches  of  snow. 

The  difficulty  in  aerial  voyages  is  that  the  motion  of  the 
balloon  cannot  be  directed  by  the  aeronaut.  Fig.  131  is  the 
representation  of  an  attempt  once  made  to  overcome  this  dif- 
ficult}' by  the  aid  of  a  wind-sail. 

One  of  many  attempts  to  govern  these  aerial  machines  was 
that  of  Mr.  Bell,  who  made  the  experiment  in  the  summer  of 
1850.  The  machine  was  of  a  cylindrical  form  with  conical 
ends,  having  its  greatest  length  placed  horizontally,  or  in  the 
direction  in  which  it  was  to  travel.  In  place  of  the  rope- 
netting  in  ordinary  use,  the  patentee  used  flat  silicon  bands 


192 


PNETTMATICS. 


for  the  purpose  of  strengthening  the  balloon,  and  affording  an 
attachment  to  the  framework  and  car.  These  were  placed 
longitudinally,  transversely,  and  diagonally,  round  the  balloon. 
Mr.  Bell  also  introduced  some  improvements  in  the  valve 
apparatus  (fig.  132). 


The  car  was  formed  after  the  fashion  of  a  canoe  or  boat. 
The  propellers  were  on  the  principle  of  the  screw-propeller. 
If  two  were  to  be  used,  they  were  placed  one  on  each  side  of 
the  car,  as  in  the  engraving ;  if  but  one,  it  was  to  be  placed 
between  the  car  and  the  balloon,  supported  in  a  strong  but 
light  framework,  to  which  was  attached  the  steering  apparatus 
or  tail.  This  apparatus  was  constructed  so  as  to  have  a  hinge 
and  a  rotating  motion,  to  obtain  the  necessary  movements  of 
an  extended  surface  or  fan,  in  all  respects  similar  to  the  tail  of 
a  bird,  that  the  guiding  or  directing  of  the  machine  might  be 
under  the  control  of  the  aeronaut.  By  the  combiuation  of  the 
above  motions,  the  steering  apparatus  might  be  moved  in  any 
direction,  either  up  or  down,  laterally,  or  in  any  diagonal  of 
these,  thus  (it  was  hoped)  regulating  the  direction  of  the 
machine  in  its  passage  through  the  air. 

This  ingenious  contrivance  failed,  and  the  inventor  and  his 
balloon  was  seen  by  those  who  witnessed  their  trial  trip,  to 
drift  along  with  the  wind  like  the  aeronauts  who  preceded  him. 

Air  Engines. 

The  Air-gun. — By  reversing  the  valves  of  the  air-pump,  a 
condensing  syringe  is  easily  made.    Some  use  has  been  made 
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of  this  condensation  of  air,  and  it  has  been  substituted  for  the 
moving  power  of  bullets  in  what  are  called  air-guns,  instead 
of  the  gases  created  by  firing  gunpowder.  In  these  guns,  a 
condensing  syringe  fills  a  cavity  having  a  valve  opening  inwards, 
just  behind  the  btdlet,  which  fits  the  barrel  exactly.  The  air 
being  condensed  about  forty  times  as  much  as  the  atmosphere, 
possesses  a  force  of  about  forty  times  15  lb.  on  the  inch,  and, 
upon  the  trigger  being  touched,  a  valve  is  opened,  which, 
allowing  the  air  to  rush  out,  propels  the  bullet  with  this  force. 
The  ail'  closes  the  valve  the  instant  the  finger  is  withdrawn 
from  the  trigger.  Each  discharge  is  weaker  than  the  one  pre- 
ceding, from  the  air  becoming  less  dense.  Some  of  these  guns 
have  reservoirs  of  bidlets,  so  that  a  continuous  firing  may  be 
maintained  as  long  as  the  condensed  air  lasts.  The  air-cane 
is  merely  the  barrel  of  the  gun  with  the  air  previously  inserted 
by  means  of  a  condensing  syringe. 

Pneumatic  Pile-drivers. — By  the  application  of  a  pneu- 
matic principle,  a  most  important  improvement  has  taken  place 
in  pile-driving  for  the  foundations  of  bridges,  piers,  and  other 
erections  in  water  where  the  ground  consists  of  mud,  sand, 
earth,  gravel,  or  clay.  Instead  of  having  large  beams  of 
timber  diiven  in  by  the  force  of  a  weight  dropped  from  a 
height,  the  piles  are  cast-ii'on  cylinders  :  these  are  hollow  and 
placed  perpendicularly  over  the  spot  where  they  are  required 
to  be  sunk ;  the  top  is  made  air-tight  by  fixing  on  it  a  cast- 
iron  plate  through  which  a  tube  is  passed  connected  with  a 
common  air-pump.  On  working  the  pump  a  partial  vacuum 
is  created  in  the  cast-iron  tube,  and  the  earth  or  other  sub- 
stance at  the  bottom  consequently  rises  up,  while  the  tube 
descends  into  the  place  thus  made  for  it.  On  building  a  bridge 
across  the  Shannon,  the  pneumatic  piles  "were  of  the  enormous 
size  of  ten  feet  diameter ;  had  timber  been  employed,  the  piles 
would  have  been  one  foot  square.  A  vacuum  inside  the 
tubes  equivalent  to  13  lbs.  on  a  square  inch  was  created  by  the 
air-pump,  and  the  descent  of  the  ponderous  tubes  into  a  bed 
of  yellow  clay  seemed  a  work  of  magic.  Thus  it  is  that 
science  is  ever  aiding  the  industry,  the  comforts,  and  the  safety 
of  mankind. 

An  atmospheric  pUe-driving  machine  has  been  patented  by 
Messrs.  Clarke  and  Varley,  and  was  used  at  Irongate-wharf, 
London,  in. linking  the  ordinaiy  timber  piles.    In  the  common 


194 


PNEtTMATICS. 


engine  for  this  purpose,  the  weight  of  the  rammer  is  necessa- 
rily limited  by  the  amount  of  manual  power  that  can  bo 
brought  to  bear  upon  it ;  and  the  necessary  amount  of  force 
in  the  blow  is  made  up  by  the  height  from  which  the  rammer 
is  made  to  fall.  But  on  the  principle  we  stated  under  the 
head  of  Momentum.,  it  is  found  that  a  succession  of  short  quick 
blows  with  a  heavy  hammer  does  the  work,  not  only  with  much 
greater  speed,  but  in  every  way  with  greater  efficiency ;  also 
damaging  the  timber  less,  and,  in  fact,  forcing  it  through  hard 
ground  which  by  ordinary  methods  it  would  be  found  impos- 
sible to  penetrate.  By  this  invention,  it  would  seem  that  the 
power  of  a  steam-engine  fixed  at  any  convenient  spot  can, 
through  the  medium  of  atmospheric  pressure,  be  made  avail- 
able at  any  requii-ed  distance  by  the  simple  application  of  a 
vacuum  cylinder  with  its  apparatus  of  self-acting  valves, 
chains,  and  pulleys,  and  be  attached  to  a  pile-driving  machine 
of  the  common  construction. 

The  machine  was  worked  by  a  small  high-pressure  steam- 
engine  fixed  on  the  shore,  to  which  was  attached  an  air-pump 
for  producing  exhaustion.  Communication  was  made  with  the 
pile-machine  by  lengths  of  small  galvanized  iron  pipes,  con- 
nected together  by  flexible  joints.  Within  this  was  a  piston, 
connected  by  an  iron  rod  to  a  chain  which  passed  over  a  pulley 
on  the  top  of  the  frame,  the  other  end  of  the  chain  being  fixed 
to  a  suspended  pulley ;  over  this  passed  a  second  chain,  one 
end  of  which  was  attached  to  the  rammer,  and  the  other 
passed  down  to  the  bottom  of  the  engine,  whence  again  return- 
ing upwards,  it  was  fastened  to  the  top  of  the  pile.  The 
action,  then,  was  this :  the  rammer  being  down  on  the  head  of 
the  pile,  and  the  piston  consequently  at  the  top  of  the  air- 
cylinder,  the  air  in  the  cylinder  was  rarefied  by  the  action  of 
the  air-pump  above,  until  the  external  pressure  was  sufficient 
to  counterbalance  the  weight  of  the  rammer ;  this  then  imme- 
diately rose,  and  as  soon  as  the  piston  reached  the  bottom  of 
the  cyHnder,  a  motion  took  place  in  the  self-acting  sHdos,  by 
which  the  air  was  suddenly  admitted  under  the  piston :  equi- 
librium between  the  pressures  above  and  below  being  thus 
restored,  the  rammer  immediately  fell  with  its  whole  force  on 
the  pile,  bringing  in  its  progress  the  piston  again  to  the  top  of 
the  cylinder,  when,  the  sHdes  being  reversed,  the  operation  was 
repeated.    Thus  a  constant  succession  of  short  heavy  blows 
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was  given,  and  did  not  cease  until  the  pile  was  driven  to  the 
recjiiired  distance  into  the  soil.  And  as,  by  the  arrangement 
of  puUeys,  the  distance  between  the  pile-head  and  the  rammer 
was  alwaj-s  the  same,  a  regularity  of  action  was  obtained, 
quite  unknown  in  the  old  pile-driver. 

Atmospheric  Locomotives. — The  cost,  the  weight,  and  the 
bulk  of  coal  necessaiy  to  generate  steam,  have  led  many  inge- 
nious persons  to  attempt  the  discovery  of  a  new  power  to  work 
machinery,  and,  as  the  cheapest  and  most  universal  material, 
they  have  tried  to  use  air  for  that  pui-pose.  The  force  existing 
in  that  elastic  fluid,  when  compressed  or  rarefied,  is  the  power 
that  many  ingenious  men  have  been  straining  their  inventive 
faculties  to  enchain  and  make  obedient  to  their  will ;  this  has 
been  effected  with  partial,  not  complete  success. 

At  an  iron  foundry  in  Dundee  was  erected  an  air-engine, 
patented  by  Mr.  Sterling.  In  this  engine  two  strong  air- 
tight vessels  are  connected  with  the  opposite  ends  of  a  cylinder, 
in  which  a  piston  works  in  the  usual  manner.  About  four- 
fifths  of  the  interior  space  in  these  vessels  is  occupied  by  two 
similar  air-vessels,  or  plungers,  suspended  to  the  opposite  ex- 
ti-emities  of  a  beam,  and  capable  of  being  alternately  moved 
up  and  down  to  the  extent  of  the  remaining  fifth.  By  the 
motion  of  these  interior  vessels,  the  air  to  be  operated  upon  is 
moved  from  one  end  of  the  exterior  vessel  to  the  other ;  and 
as  one  end  is  kept  at  a  high  temperature,  and  the  other  as  cold 
as  possible,  when  the  air  is  brought  to  the  hot  end,  it  becomes 
heated,  and  has  its  pressure  increased ;  whereas  its  heat  and 
pressure  are  diminished  when  it  is  forced  to  the  cold  end. 
Is'ow  as  the  interior  vessels  necessarily  move  in  opposite  dii-ec- 
tions,  it  foUows  that  the  pressure  of  the  enclosed  air  in  the 
one  vessel  is  increased,  while  that  of  the  other  is  diminished ; 
a  difi'erence  of  pressure  is  thus  produced  upon  the  opposite 
sides  of  the  piston,  which  is  thereby  made  to  move  from  one 
•  end  of  the  cylinder  to  the  other ;  and  by  continually  reversing 
the  motion  of  the  suspended  vessels  or  plungers,  the  greater 
pressure  is  successively  thrown  upon  a  different  side,  and  a 
reciprocating  motion  of  the  piston  kept  up.  The  piston  is 
connected  with  a  fly-wheel,  in  any  of  the  usual  modes,  so  as  to 
communicate  motion  to  machinery.  A  furnace  is  arranged  to 
heat  one  end  of  the  air-vessels,  and  a  water-pipe  re&igerator 
to  cool  the  other ;  and  the  air  traverses  numerous  small  chan- 
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nels  in  its  course  from  the  one  end  to  the  other,  in  such  a 
mode  as  to  economise  the  heat. 

Ingenious  contrivances  have  been  made  public,  for  propelling 
railway  carriages  and  other  machines  by  the  explosion  of  gun-  ! 
powder  continuously  in  small  quantities,  and  also  by  the 
flashing  into  vapour  of  liquid  carbonic  acid  and  ammoniacal  : 
gases ;  but  the  public  do  not  seem  to  like  the  idea  of  being  i 
sent  to  the  end  of  their  journeys  by  explosions  and  flashes,  ; 
and  the  schemes  have  made  no  progress. 

Some  years  ago  an  atmospheric  carriage  ran  on  the  turnpike 
road  from  Putney  to  Wandsworth  at  a  speed  of  twelve  miles 
an  hour.  The  air  reservoii-  measiired  seventy-five  cubic  feet, 
and  by  the  aid  of  a  steam-engine  the  air  was  compressed  to  a 
force  of  fifty  atmospheres,  or  about  700  lbs.  on  a  square  inch. 
From  its  discontinuance,  and  the  example  not  being  followed, 
we  may  justly  suppose  it  was  unsuccessful.  In  this  and  the 
other  engine  described,  the  motive  power  was  compressed  air ; 
in  others  the  exhaustion  of  air  is  resorted  to  as  a  means  of 
traction. 

Mr.  VaUance  at  first  proposed  to  form  tunnels  of  suffi- 
cient dimensions  to  hold  carriages;  which  being  introduced 
at  one  end,  the  air  was  to  be  exhausted  by  a  steam-engine  at 
the  other  end,  when  the  carriages  would  be  shot  along  by  the 
pressure  ot  the  atmosphere  at  the  open  end.  The  plan  was 
considered  ingenious,  but  not  of  practical  utility.  It  was, 
however,  suggested  that  the  plan  could  be  adapted  to  the  trans- 
mission of  letters,  newspapers,  (fee,  but  no  steps  were  taken 
for  carrying  the  suggestion  into  practice. 

In  1834,  Pinkus  brought  forward  a  plan  by  which  the  car- 
riages might  travel  outside  the  tube  instead  of  inside,  and  this 
led  to  what  is  now  known  as  the  atmospheric  railway  (see 
below).  An  experiment  at  Wormwood  Scrubbs  showed  that 
a  load  of  six  tons  coiild  be  propelled  at  a  rate  of  30  miles 
an  hour  with  a  tube  holding  the  piston  rod  of  9  inches 
diameter.  The  extension  line  of  the  Dublin  and  Kingstown 
KaUway  to  Dalkey,  a  distance  of  about  a  mile  and  three  quar- 
ters, required  to  have  extremely  steep  gradients,  frequently  as 
much  as  1  in  50  feet,  and  sharp  curves.  The  usual  locomo- 
tives being  inapplicable,  the  atmospheric  principle  was  called 
into  requisition,  and  with  a  vacuum  of  26  inches  a  speed  of 
35  miles  an  hour  was  obtained.    The  carriages  returned  by 
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their  own  gravity.  The  Croydon  Eailway,  with  a  vacuum  in 
the  tube  of  27  inches,  obtained  a  speed  of  60  miles  an  hour ; 
on  this  railway  a  train  of  10  carriages,  weighing  50  tons,  was 
propelled  at  a  rate  of  35  miles  an  hour.  The  diameter  of  the 
tube  was  15  inches,  the  air-pump  6  feet  3  inches  iu  diameter, 
the  engines  three  miles  apart,  and  a  power  of  300  horses 
employed  for  the  whole  distance.  The  steepest  plane  was  1 
foot  in  50.  But  the  principle  of  atmospheric  propulsion,  from 
the  frequent  derangement  of  the  mechanism,  has  been  aban- 
doned on  this  line,  and  locomotive  engines  adopted. 

Pilbrow,  in  1844,  made  several  ingenious  improvements  in 
this  system,  but  it  has  not  gained  approval  from  scientific  men. 

The  following  is  a  description  of  the  principle  and  working 
of  such  an  atmospheric  railway. 


Fig.  133. 

In  the  atmospheric  railway,  a  pipe  of  about  twelve  inches 
diameter  is  laid  between  the  rails  on  which  the  carriages  run ; 
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this  pipe  is  exhausted  at  one  end  by  an  air-pump ;  a  travel- 
ling piston  is  forced  along  it  bj  the  pressure  of  the  atmosphere ; 
and  a  rod,  or  plate,  of  iron,  connecting  the  piston  with  the 
carriages,  traverses  a  slit  on  the  top  of  the  pipe.  The  great 
difficulty  to  be  overcome  was  to  cover  this  slit  with  a  substance 
which  would  be  air-tight,  and  yet  would  permit  the  connect- 
ing-rod to  pass  without  offering  much  obstruction.  The  plan 
adopted  by  Messrs.  Clegg  and  Samuda,  the  projectors  of  the 
system  as  improved,  will  bo  best  understood  by  reference  to 
the  accompanying  diagrams. 

Fig.  133  represents  a  vertical  section  of  the  pipe.  The 
opening  at  the  top  is  covered  by  a  continuous  valve  G,  extend- 
ing the  whole  length  of  the  pipe.  It  is  formed  of  leather 
riveted  between  two  iron  plates.    The  upper  plate  is  wider 


Fig.  134. 

than  the  slit,  and  prevents  the  leather  from  being  pressed  in 
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by  the  pressure  of  the  atmosphere ;  the  lower  plate  just  fits 
the  sUt,  and  is  curved  to  the  shape  of  the  pipe.  One  edge  of 
the  leather  is  fastened  to  a  longitudinal  rib  east  along  the  open- 
ing, and  forms  a  hinge,  as  on  a  common  pump-valve.  The 
other  edge  of  the  valve,  when  it  covers  the  opening,  forms, 
with  a  ridge  cast  on  the  pipe,  a  channel  or  trough  on  its  whole 
extent,  a  section  of  which  is  shown  at  F  (fig.  134).  This 
trough  is  filled  with  a  composition  of  bees-wax  and  taUow, 
which,  when  melted  and  cooled,  adheres  to  the  side  of  the 
valve  and  keeps  it  air-tight.  As  the  travelling  piston  is  forced 
along  the  pipe,  one  side  of  the  valve  is  raised  by  four  small 
wheels  fixed  behind  the  piston,  so  as  to  admit  the  connecting 
rod  C  to  pass  as  in  fig.  133.  The  opening  thus  made  also 
admits  the  air  to  act  against  the  piston.  The  rupture  thus 
made  in  the  composition  of  wax  and  composition  of  wax  and 
taUow  is  cemented  again,  before  the  train  passes,  in  the  fol- 
lowing manner  : — A  steel  wheel  E  (fig.  134),  regulated  by  a 
spring,  is  attached  to  the  carriage,  and  presses  down  the  valve 
immediately  after  the  connecting  arm  has  forced  it  open,  and 
a  copper  heater  N,  about  five  feet  long,  filled  with  burning 
charcoal',  passes  over  the  composition  and  melts  it,  thus  leaving 
the  valve  air-tight  as  before,  and  ready  for  the  next  train.  A 
protecting  cover  I,  formed  of  thin  plates  of  iron  about  five  feet 
long,  and  hinged  with  leather,  is  placed  over  the  valve  to  pro- 
tect it  from  rain  or  dust.  It  was  arranged  to  have  each  pipe 
about  three  miles  long,  with  a  stationary  engine  for  each 
length  of  piping  to  exhaust  the  air ;  and  another  arrange- 
ment by  means  of  which  the  piston,  as  it  approached  the  end 
of  the  pipe,  opened  a  valve  and  admitted  it  into  the  next  length 
of  piping,  so  that  the  train  might  proceed  from  the  one  to  the 
other  without  stopping. 

It  is  evident  that  as  the  tractive  force  is  derived  entirely 
from  the  pressure  of  the  atmosphere  on  the  piston,  its  amount 
win  depend  on  the  area  of  the  piston,  and  on  the  extent  to 
which  the  exhaustion  of  the  air  can  be  carried  by  the  air- 
pump.  It  must  also  be  evident  that  the  difiiculty  of  keeping 
the  pipe  air-tight  will  increase  with  its  length,  and  vrith  the 
pressure  obtained.  The  vacuum-pipe  on  the  branch  of  the 
Birmingham,  Bristol,  and  Thames  Junction  Eailway,  where 
the  atmospheric  system  is,  or  was',  in  operation  for  a  few 
years,  is  only  nine  inches  internal  diameter,  and  but  half 
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a  mile  long.  A  part  is  on  an  incline  of  1  in  120,  and  part  1  in 
115.  A  vacuum  equal  in  some  instances  to  a  column  of  mer- 
cury 23^  inches  high  has  been  obtained,  and  loads  of  13  tons 
have  been  propelled  at  a  speed  of  20  miles  an  hour.  On  the 
Dalkey  branch  of  the  Dublin  and  Kingstown  Kailway,  the 
pipe  is  15  inches  in  diameter,  and  its  length,  so  far  as  it  has 
been  tried,  is  one  mile  and  a  quarter.  The  average  incline  is 
1  in  100 ;  the  exhaustion  has  been  extended  to  22|  inches  of 
mercury,  and  three  carriages  loaded  with  passengers  have  been 
propelled  up  the  incline  at  a  speed  exceeding  40  miles  an  hour. 

A  stationary  engine  of  110-horse  power  would,  it  is  stated, 
be  adequate  to  exhaust  a  pipe  of  18  inches  in  diameter,  2| 
miles  long,  in  four  minutes  ;  and  trains  might  be  started  each 
way  every  quarter  of  an  hour,  and  convey  daily  5000  tons. 

The  leather  valve  of 
the  exhausting  pipe  is 
the  weak  point  in 
these  arrangements, 
and  one  which  it  seems 
cannot  be  improved 
upon.  Ofi  the  Croydon 
line  the  rats  once  eat 
the  leather,  and  thus 
brought  the  whole  to 
a  standstill. 

In  1846  Mr.  Parsey 
exhibited  in  London  a 
model  of  a  locomotive  v 
air-engine  which  he 
had  patented. 

Fig.  135  is  a  side 
elevation  of  the  entire 
carriage,  with  the 
working  parts  of  the 
engine  shown  in  sec- 
tion. Fig.  136  is  an 
end  elevation  of  ditto ; 
and  fig.  137  a  plan  of  Fig.  136. 

engine  and  part  of  air-vessels ;  the  letters  of  reference  corre- 
sponding in  each  diagram. 

A  A  are  receivers  of  compressed  air ;  b,  a  tube  connecting 
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the  receivers,  from  whicli  the  air  passes  up  the  supply-pipe  c 
iato  the  equalizing  cylinder  e  at  d.  Attached  to  the  top  of  the 
equalizing  cylinder  e  is  a  selfr-acting  apparatus  for  adjusting  the 
supply  of  air  to  the  working  cj-linders  k  k  ;  this  is  effected  by 
setting  the  spring  f 
so  as  to  press  down 
the  valve  m  vnth.  a 
force  equal  to  that 
at  which  the  engine 
is  to  be  worked,  say 
60  lbs.  per  inch. 
Whenever  ,therefore, 
the  pressure  in  e  be- 
comes greater  than 
that,  the  valve  ji  is 
forced  up,  and  par- 
tially closes  the  valve 
Q ;  thereby  limiting 

the  supply  from  the  ,  „_ 

•  1  Fig.  137. 

receivers  a  a,    and  ^ 

preserving  a  uniform  pressure  in  e.  The  condensed  air  is  con- 
ducted into  the  working  cylinders  kk  through  the  sliding 
valves,  in  the  same  manner  as  steam,  and  is  admitted  or  shut 
off  by  raising  or  depressing  the  handle  of  the  stop-cock  j. 
Motion  is  communicated  from  the  cross-head  direct  to  the 
crank -axle  of  the  driving  wheels  by  the  connecting  rods  hh. 
L  L  are  for  connecting  the  hose  or  pipe  of  the  stationaiy  reser- 
voirs with  the  receivers,  when  a  fresh  supply  of  condensed  air 
is  required. 

The  inventor  proposed  constructing  the  receivers  a  a  of  his 
air-engine  so  as  to  sustain  a  pressure  of  from  1000  lbs.  to 
2000  lbs.  per  square  inch ;  whilet  the  working  pressure  supplied 
to  the  engine  from  the  equalizing  cylinder  would  be  60  lbs.  per 
inch.  But  this  could  be  increased,  and  the  speed  thereby  varied 
from  twenty  to  a  rate  equal  to  a  hundred  miles  per  hour. 
One  charge  to  suffice  to  drive  an  engine  fitty  mUes,  with  a 
train  of  40  tons  attached. 

It  was  also  proposed  to  erect  stationary  engines  on  a  railway 
line,  at  intervals  of  about  thirty  miles ;  from  these  a  fresh 
service  of  air  could  be  obtained  as  readily  as  the  engines  are 
at  present  supplied  from  the  water  cranes.    Mr.  Parsey  stated 
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that  the  first  cost  of  the  engines,  and  the  working  of  them, 
■would  be  about  half  of  the  present  expense  of  ordinary  loco- 
motives, while  there  was  the  advantage  of  tenders  being 
unnecessary. 

These  inventions,  doubtless,  are  very  ingenious ;  they  ai-e 
the  wonders  of  the  day,  but  die  a  natural  death,  and  are  en- 
tombed among  the  numberless  fruitless  creations  of  man's  busy 
brain.  Compressed  ail-  will  give  out  no  more  power  than  that 
expended  in  producing  the  compression,  from  which  also  has 
to  be  deducted  the  power  necessary  to  overcome  friction ;  but 
besides  this  there  is  another  serious  drawback  that  the  enthu- 
siastic inventor  appears  to  overlook :  on  compressing  air  into 
a  vessel  a  considerable  amount  of  latent  heat  is  roused  into 
action,  the  natural  consequence  of  which  is  a  tendency  to 
expand  the  air  in  the  vessel,  hence  that  expansion  offers  a 
resistance,  to  conquer  which  more  power  has  to  be  applied 
that  will  not  be  returned;  there  is  in  fact,  then,  both  the 
compression  and  expansion  to  be  subdued.  Again,  on  the 
compressed  air  being  allowed  to  come  in  contact  with  the  at- 
mosphere, cold  is  produced,  as  we  know  when  we  contract  the 
muscles  of  the  chest,  narrow  the  orifice  of  the  mouth,  and  eject 
the  air  of  the  lungs  with  force ;  therefore  there  is  at  once  a 
positive  loss  in  air-machines,  as  the  power  generated  by  the 
heat,  which  had  power  expended  upon  it  that  it  might  be 
subdued,  is  entirely  lost.  The  want  of  attention  to  simple 
principles  has  caused  much  labour  to  be  fruitlessly  expended. 

Steam,  and  its  application. 

TVTien  a  quantity  of  water  is  heated  until  it  arrives  at  a 
certain  fixed  temperature,  an  elastic  fluid  or  aqiieous  vapour 
is  evolved ;  this  is  called  steam,  and  resembles  in  many  of  its 
properties  common  air.  like  air,  it  is  elastic,  capable  of  being 
reduced  in  bulk  by  compression  ;  the  pressure  which  it  exerts 
in  the  vessel  into  which  it  is  compressed  being  exactly  in 
proportion  to  the  amount  of  compression.  Like  air,  steam  is 
also  capable  of  an  increase  of  volume  or  bulk  ;  this  expansion 
reducing  the  pressure  on  the  vessel  in  which  it  is  allowed  to 
expand  jiist  in  proportion  to  the  amount  of  expansion.  The 
first  property  of  steam  now  mentioned  is  termed  its  elasticity, 
the  second  its  expansibility ;  although  having  these  properties 
in  common  with  fluid  gases,  steam  is  distinguished  by  the  term 
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of  aqueous  vapour,  inasmuch,  as  it  differs  from  a  gas,  which 
retains  permanently  its  gaseous  condition  under  ordinary 
circumstances ;  while  steam  re(iuires  to  be  kept  at  a  uniform 
temperature,  otherwise  it  changes  its  condition,  and  returns  to 
its  original  form  of  liquid.  This  property,  by  which  steam  is 
readily  converted  into  water,  is  of  immense  importance ;  by 
virtue  of  this  property  the  power  of  steam  is  made  available  in 
what  are  termed  condensing  engines,  and  offers  the  readiest 
means  of  forming  a  vacuum  in  th»  cylinder,  into  which  com- 
paratively little  force  is  required  to  press  the  piston. 

When  a  quantity  of  water  is  placed  in  a  boiler,  and  heat 
applied  to  it,  a  circulation  of  the  particles  of  water  immediately 
commences ;  those  nearest  the  bottom,  receiving  a  certain 
quantity  of  heat,  expand  and  rise  upwards ;  the  colder  portion, 
taking  their  place,  and  becoming  heated  in  their  turn,  rise ; 
smaU  air-bubbles  become  formed  at  the  bottom  after  the  above 
process  has  gone  on  for  a  certain  time ;  these  bubbles  contain 
aqueous  vapour ;  these  rise  upwards,  and  on  coming  in  contact 
with  the  colder  portions  above,  are  cooled  or  condensed,  and 
give  out  their  heat  to  the  surrounding  particles.  This  process 
continues  until  the  whole  mass  becomes  of  a  uniform  heat,  and 
a  fixed  temperatm-e  has  been  arrived  at.  After  this,  however 
long  the  heat  might  be  applied  to  the  boiler,  the  water  would 
not  increase  in  temperature;  but  the  rising  of  the  steam- 
bubbles  would  become  so  rapid  that  the  whole  mass  would  be 
in  a  state  of  agitation,  and  a  vapour  would  be  evolved  in  large 
quantities ;  this  vapour,  as  before  stated,  is  steam,  and  is  in- 
visible like  common  air.  The  fixed  temperature  already 
alluded  to  is  what  is  termed  the  boiling-point.  Under  the 
ordinary  atmospheric  pressure  at  the  level  of  the  sea,  the 
boiling-point  of  fresh  water  is  212°  Fahrenheit,  that  of  salt 
water  being  somewhat  higher,  or  about  213°-2 :  in  the  genera- 
tion of  steam  of  a  high  pressure  the  boiling-point  varies, 
increasing  in  proportion  to  the  pressure.  With  a  pressurs  of 
16  lbs.  to  the  square  inch,  the  temperatm-e  at  which  the  water 
boils  is  216°-3 ;  at  18  lbs.  to  the  inch,  222°-7 ;  at  20  lbs.,  228°-4 ; 
at  251bs.,  240°-9;  at  30  lbs.,  251°-4;  at  35  lbs.,  260°-6;  at 
40  lbs.  to  the  square  inch,  268°-8 ;  at  50  lbs.,  282°-7  ;  at  55  lbs., 
288°-8.  The  elastic  force  of  steam  is  the  same  as  the  pressure 
under  which  it  is  evolved  from  the  water.  When  steam  is  gene- 
rated under  a  pressure  of  15  lbs.  to  the  square  inch,  it  is  termed 
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"  steam  of  one  atmosphere ; "  when  generated  at  30  and  45  lbs. 
to  the  square  inch,  it  is  said  to  be  steam  of  two  and  three  at- 
mospheres respectively. 

One  of  the  most  striking  peculiarities  of  steam  is  the 
enormous  increase  of  its  bulk,  as  compared  with  that  of  the 
water  from  which  it  is  generated.  The  proportion  of  increase 
will  be  best  remembered  by  the  statement,  that  under  the 
ordinary  pressui'e  of  the  atmosphere,  or  15  lbs.  to  the  square 
inch,  a  cubic  inch  of  water  will  produce  a  cubic  foot  of  steam ; 
and  as  there  are  1728  cubic  inches  in  a  foot,  the  increase  of 
volume  in  forming  steam  is  (about)  1728  times.  Under  an 
increase  of  pressui-e  the  volume  of  steam  is  diminished :  under 
a  pressure  of  30  lbs.  the  volume  is  only  one-half ;  taking  the 
"  relative  volume  of  steam  "  raised  at  a  pressure  of  15  lbs.  at 
1669,  steam  at  20  lbs.  would  have  a  volume  of  1281 ;  at  25 
lbs.,  of  1047  ;  at  30  lbs.,  or  double  the  ordinary  pressure,  of 
882  ;  at  35  lbs.,  766  ;  at  40  lbs.,  678  ;  at  45  Ibs.^^  609 ;  and  at 
a  pressure  of  50  lbs.  steam  would  have  the  relative  volume  554. 
Steam  is  capable  of  being  reduced  from  a  state  of  vapour  by 
lowering  its  temperature ;  this  temperature  is  always  the 
same  as  that  of  the  water  from  which  it  is  raised.  By  gra- 
dually reducing  the  temperature  of  steam  the  vapour  wiU 
be  condensed,  and  reconverted  into  water;  a  cubic  foot  of 
steam  iinder  the  ordinary  pressure  occupjdng  the  space  of 
about  a  cubic  inch  of  water. 

In  converting  water  into  steam,  a  large  amount  of  caloric  is 
absorbed  which  is  not  observable  by  the  thermometer ;  this  is 
termed  "  latent  heat."  By  this  is  meant  the  amount  of  heat  re- 
quii'ed  to  evaporate  a  given  quantity  of  water  compared  with  that 
necessary  to  bring  the  water  to  the  boiling-point.  .  Thus  it  is 
found  that  to  vaporize  a  certain  quantity  of  water  into  steam 
at  212°,  it  will  take  5|  times  as  much  heat  as  would  raise  the 
water  from  32°,  or  the  freezing-point,  to  212°,  the  ordinary 
boiling-point ;  this  excess  of  caloric,  however,  is  not  indicated 
by  the  thermometer, — hence  the  term  latent  heat.  This  heat 
is  consumed  and  apparently  lost  in  the  transition  firom  boihng 
water  into  steam.  The  latent  heat  of  steam  is  reckoned  at 
1000°,  the  temperature  of  the  steam  being  212°;  the  sum 
therefore  of  the  sensible  heat,  that  is,  the  temperature  indicated 
by  the  thermometer,  212°,  and  the  latent  heat  1000°,  is  eqi^al 
to  1212°.    The  total  amount  of  the  indicated  and  latent  heat 
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at  all  temperatures  is  a  "  constant  sum ; "  thus  if  the  pressure 
is  increased  at  which  the  steam  is  raised,  so  as  to  give  a 
temperature  of  300°,  the  latent  heat  is  912° ;  if  500°,  712°, 
and  so  on.  It  is  on  account  of  this  property  of  steam  that  so 
much  fuel  is  expended  in  raising  it. 

The  mechanical  effect  produced  by  the  evaporation  of  a  cubic 
inch  of  water  is  generally  calculated  as  being  sufficient  "  to 
raise  a  ton  weight  one  foot  high  ;"  from  this,  however,  is  to  be 
deducted  loss  from  friction  and  other  causes.  "  A  pint  of 
water,"  says  Dr.  Lardner,  "  may  be  evaporated  by  two  ounces 
of  coal.  In  its  evaporation  it  swells  into  216  gallons  of 
steam,  with  a  mechanical  force  sufficient  to  raise  a  weight 
of  thirty-seven  tons  a  foot  high.  The  steam  thus  produced 
has  a  pressure  equal  to  that  of  one  atmosphere ;  and  by 
allowing  it  to  expand,  by  virtue  of  its  elasticity,  a  further 


Fig.  138. 

mechanical  force  may  be  obtained,  at  least  equal  in  amount 
to  the  former.    A  pint  of  water,  therefore,  and  two  ounces 
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of  common  coal,  are  thus  rendered  capable  of  doing  as  miich 
work  as  is  equivalent  to  seventy-four  tons  raised  a  foot  high. 
.  ,  .  A  poimd  of  coke  bumed  in  a  locomotive  engine  will 
evaporate  about  five  pints  of  water.  In  their  evaporation 
thev  will  exert  a  mechanical  force  sufficient  to  draw  two  tons 
weight  on  the  railway  a  distance  of  one  mile  in  two  minutes. 
Four  horaes  working  in  a  stage-coach  on  a  common  road  are 
necessary  to  draw  the  same  weight  the  same  distance  in  six 
minutes." 

The  first  employment  of  steam  as  a  mechanical  power  may 
be  traced  back  to  a  very  remote  period — to  about  2000  .years 
since — though  then  it  was  used  rather  as  a  toy  than  for  any 
practical  purpose,  an  application  reserved  for  our  own  era. 
120  years  B.C.,  Hero  of  Alexandria  caused  steam  to  pass  into 
a  hoUow  globe  which  rotated  freely  on  two  pivots.  From  this 
radiated  hollow  spokes  terminating  in  closed  ends,  near  to 
which  were  small  lateral  orifices.  The  recoil  produced  by  the 
escape  of  the  steam  from  these  holes  caused  the  globe  to 
rotate  quickly.  Had  it  been  made  to  move  a  band  passing 
round  a  pulley  as  is  represented  in  fig.  138,  this  simple  engine 
might  have  set  in  motion  any  machinery  to  which  the  other 
end  of  the  strap  was  attached.  In  fact,  rotary  engines,  on 
this  very  principle,  have  been  lately  revived,  and  are  now 
working  in  this  coimtry. 

In  the  year  1543,  if  we  may  trust  to  some  documents  recently 
exhimied  from  the  national  records  of  Spain,  the  use  of  steam 
as  a  motive  force  was  brought  forward  in  a  practical  manner. 
A  certain  Captain  de  Garay  proposed  to  the  Emperor  Charles  V., 
to  carry  ships  out  of  the  harbour  of  Barcelona  against  wind 
and  tide.  The  experiment  was  made  publicly.  It  was  crowned 
with  success.  His  boat,  containing  the  apparatus,  of  which 
all  that  could  be  discovered  was  that  it  consisted  of  a  caldron 
of  boiling  water  and  two  wheels,  succeeded  in  moving  at  the 
rate  of  nine  miles  in  two  hoiu's.  The  discoverer  was  rewarded ; 
but  the  heart  of  the  emperor  was  set  on  other  enterprises ; 
th.Q  Jli-st  steam-boat  was  broken  up,  and  a  conquest  far  greater 
than  any  of  those  on  which  his  heart  was  set,  was  lost  for  ever 
to  Charles  V.,  and  for  more  than  200  years  to  the  world. 

However,  in  1615,  a  Frenchman  or  German,  named  Solomon 
de  Cans,  in  a  work  published  at  Frankfort,  described  a  machine 
(fig.  139)  in  which  the  pressure  of  steam  acting  on  the  surface 
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of  water  boiling  in  a  close  copper  vessel,  caused  some  of  the  water 
to  pass  up  in  the  form  of  a  jet 
through  a  tube  which  passed 
through  nearly  to  the  bottom. 
He  made  also  a  farther  advance 
towards  the  appHcation  of  steam 
to  motive  purposes.  Having 
engaged  in  various  engineering 
labours  at  Heidelberg,  aaid  at 
Richmond  in  England,  he  went 
to  Paris,  where,  on  attempting 
to  bring  his  inventions  under 
the  notice  of  Cardinal  Eichelieu, 
he  was  confined  by  him  in  the 
Bicetre  for  a  madman !  "VVTiile 
imprisoned  here  he  received  a 
visit  fi-om  the  exiled  Marquis  of 


visit  fi-om  the  exiled  Marquis  of  Wlff 
"Worcester  in  1641,  who  seems  ^:.y 
to  have  derived  from  him  his 
idea  of  the  use  of  steam  power. 
However,  it  is  remarked  by  Dr. 
Lardner,  that  the  invention  of 
this  nobleman  was  a  marked 
advance  upon  that  of  De  Cans,  as  he  used  steam  much  as  it  is 
employed  at  the  present  day,  generating  it  in  one  vessel,  and 
employing  it  for  mechanical  purposes  in  another.  Lord 
Worcester,  too,  used  his  machine  for  forcing  water  up  a  pipe, 
but  the  power  used  was  constant,  the  steam  being  generated 
in  a  separate  boiler,  which  could  be  continually  refilled,  and 
passed  thence  along  a  pipe  into  the  upper  part  of  a  vessel 
resembling  in  principle  that  constructed  by  De  Cans. 

Some  time  after  this  the  Trench  philosopher  Papin  invented 
a  plan  by  which  a  piston  could  be  moved  up  and  down  in  a 
cyHnder  by  means  of  steam.  The  steam  admitted  beneath  it, 
forced  it  up  ;  the  steam  was  then  condensed,  when  a  vacuum 
was  produced,  and  the  piston  forced  down.  This,  though 
thought  little  of  at  the  time,  was  a  discovery  of  the  utmost 
importance. 

In  1705,  Newcomen,  a  Cornish  engineer,  constnicted  a 
working  engine  on  this  principle.  It  was  used  to  raise  water, 
and  the  steam  employed  was  of  very  low  power,  all  that  was 


Fig.  139. 
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needed  being  the  alternate  depression  and  elevation  of  a  hori- 
zontal beam  i,  communicating  at  one  end  with  the  piston  n,  in 
a  vertical  cylinder  c.    Beneath  the  piston  Avere  two  cocks  n  k, 


Fig.  140. 


worked  by  the  same  handle,  one  admitting  low-pressure  steam 
into  the  cylinder,  which  forced  up  the  piston ;  then  the  other 
being  opened  while  the  first  was  closed,  admitted  cold  water, 
which  condensed  the  steam,  causing  a  vacuum  and  bringing 
the  piston  down  again. 

In  1765  the  steam-engine  was  brought  as  near  as  possible 
to  perfection  by  the  celebrated  engineer  James  "Watt.  He 
made  two  great  improvements  on  the  plan  of  Newcomen. 
Instead  of  admitting  cold  water  into  the  piston  cylinder,  he 
allowed  the  steam  to  pass  at  the  proper  moment  into  a  con- 
denser surrounded  by  cold  water ;  and  instead  of  allowing  the 
piston  to  be  depressed  by  the  weight  of  the  atmosphere  (as  by 
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condensing  steam  beneath),  he  arranged  that  it  should  be  both 
raised  and  lowered  by  steam,  Avhich  was  admitted  into  the 
cylinder  above  and  below  the  piston  alternately.  In  order  to 
produce  rotatory  motion  by  the  ascent  and  descent  of  the 
piston,  vai'ious  ingenious  contrivances  were  successively 
adopted  by  Watt.  To  control  the  pressure  of  steam,  he  in- 
troduced into  the  steam-pipe  a  valve  called  the  throttle  valve ; 
this  he  connected  with  a  lever  placed  in  connexion  with  an 
apparatus  called  the  governor. 

We  now  give  a  cut  of  the  modern  steam-engine,  the  grand 
practical  result  of  these  various  inventions.  The  steam-boiler 
is  not  shown.  Among  various  ingenious  contrivances  con- 
nected with  the  boiler  are,  a  gauge  to  indicate  the  pressure  of 
steam ;  a  safety  valve  to  be  opened  by  the  steam  when  of  too 
high  pressure ;  gauge  cocks  to  show  the  quantity  of  water  in 
the  boiler ;  a  manhole  for  entrance  to  clean  it  when  not  in. 
action,  and  a  cock  at  the  bottom  to  empty  out  the  water. 

From  the  boiler  the  steam  passes  by  the  steam-pipcB  (fig.  141) 
into  the  cylinder  a.  In  the  pipe  is  the  throttle  valve  c,  which 
can  be  regulated  to  a  nicety  by  the  governor  d.  At  each  end  of 
the  cylinder,  on  one  side,  is  an  oblong  box  e,  communicating 
with  it.  In  the  upper  box  are  seen  two  valves,  a  valve  of 
induction,  admitting  steam  into  the  cylinder  r,  and  a  valve  of 
exhaustion,  permitting  the  steam  to  pass  out  to  the  condenser 
G.  In  the  lower  box  are  two  similar  openings,  the  induction 
valve  g,  the  exhaustion  valve/. 

By  the  exhaustion  valves  the  steam  passes  down  into  the 
condensing  cylinder  k,  into  which  cold  water  is  admitted 
through  the  rose  i.  This  condenses  the  steam,  and  the  hot 
water  thus  formed  passes  into  an  adjoining  cylinder  j,  whence 
it  is  pumped  off  into  an  upper  cistern  j,  by  the  vertical  working 
of  the  rod  and  piston  l.  This  piston-rod  is  fixed  to  the  beam 
of  the  engine  and  works  with  it.  Attached  to  this  piston-rod 
are  two  pins,  which  catch  the  lever  n  in  ascending  and  de- 
scending. This  lever  is  called  the  sjjanner.  It  regulates  the 
action  of  all  the  four  valves,  of  induction  and  exhaustion. 

The  action  of  tbe  engine  is  as  follows : — The  two  vertical 
pistons  move  simtdtaneously,  the  one  regulating  the  other. 
Suppose  the  pistons  to  be  at  the  top  of  the  cylinder,  f  and/, 
the  upper  induction  valve  and  the  lowe)'  exhaustion  valve,  arc 
now  opened  simultaneously  by  the  action  of  the  spanner,  tlu' 
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other  valves  being  closed.  Steam  is  thus  admitted  above  the 
piston,  the  steam  below  being  drawn  off  into  the  condenser.  The 
piston  is  pressed  down  to  the  bottom,  di'awing  down  the  end  of 
the  beam  to  which  it  is  fixed.  This  depresses  the  piston  of  the 
pump  L,  the  pin  attached  to  which  catches  the  spanner,  and 


Fig.  141. 

now  the  valves  last  opened  are  closed,  and  g  g,  the  upper 
exhaustion  and  lower  induction  valves,  are  opened.  Steam 
enters  below  the  piston,  while  that  above  is  allowed  to  pass 
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out.  The  piston  is  thus  raised,  raising  the  beam,  &c. ;  again 
the  spanner  acts,  and  so  on.  All  this  while  the  steam  is  being 
condensed  below,  and  the  water  pumped  out,  as  before  said. 

The  govemor,  which  resembles  a  pair  of  tongs  with  the  legs 
stretched  out,  regulates  the  quantity  of  steam  admitted  to  the 
engine ;  should  there  be  too  much,  the  legs  fly  apart,  and,  by 
a  contrivance,  close  a  valve  in  the  pipe  which  admits  the  steam 
to  the  cylinder.  The  fly-wheel  gives  regularity  of  motion  to 
the  machine,  and  prevents  any  check  upon  its  motion. 

Attached  to  diiferent  parts  are  numerous  rods,  by  which  the 
engine  becomes  self-acting  and  self-adjusting,  marks  the 
number  of  its  strokes,  supplies  its  boiler  with  water,  feeds 
itself  with  coal,  takes  oil  when  necessaiy,  with  a  damper  regu- 
lates its  heat,  wiU  slacken  the  fire  with  water,  and  in  helpless- 
ness rings  a  bell  to  call  for  its  attendant's  aid.  What  writer 
of  fable  ever  conceived  such  marvels  ? 


Fig.  142. 
CHAPTER  VII. 
ACOUSTICS,  OR  THE  PHYSICS  OF  SOUND. 
The  word  Acoustics  is  derived  from  a  Greek  word  signifying  to 
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hear.  The  science  of  Acoustics  treats  of  all  that  relates  to 
sound.  Sound  consists  of  a  number  of  rapid  vibrations  in  the 
air,  or  other  medium,  of  such  a  nature  as  to  be  apprehended 
by  the  organ  of  hearing. 

When  a  beU  is  rung  under  an  exhausted  receiver  of  an  air- 
pump,  scarcely  a  sound  is  audible.  The  same  beU  struck  in 
the  open  air  is  distinctly  heard, /or  the  air  is  the  usual  medium 
through  ivhich  sound  is  conveyed. 

Place  a  wine-glass  mouth  downwards  on  a  table,  and  tap  it 
sharply  with  the  finger-nail,  the  blow  is  merely  heard ;  but 
raise  it  up  and  then  hit  it,  and  a  musical  sound  rings  on  the 
ear,  which  will  be  increased  by  slinging  it  with  a  piece  of 
string.  This  arises  from  the  circumstance,  that  when  held 
gently  by  the  hand,  the  glass  is  free  to  vibrate  in  the  air,  and 
more  so  when  slung  from  the  cord ;  for  vibration  is  necessary 
to  sound.  The  agitation  of  the  glass  from  the  blow  gives 
impulse  to  the  air  by  which  it  is  surrounded,  in  the  same 
manner  as  water  undulates  in  circles  when  a  stone  has  been 
thrown  on  its  peaceful  surface  ;  and  these  aerial  waves  coming 
in  contact  with  the  drum  of  the  ear,  the  nervous  membranes 
convey  the  impression  of  sound  to  the  mind. 

Some  sounds  differ  in  intensity ;  thus  if  one  sound  drowns 
another,  it  is  simply  said  to  be  more  intense,  provided  it  be  of 
the  same  note ;  others  differ  in  pitch,  as  the  high  and  low  notes 
of  music ;  and  others  in  character,  as  the  tone  of  the  same 
note  soimded  on  two  different  instruments.  So  wonderfully 
dehcate  and  acute  is  the  organization  of  the  human  ear,  that 
man  can  hear  and  distinguish  almost  any  number  of  different 
sounds  at  the  same  time. 

A  rapid  motion  given  to  certain  objects,  as  those  of  the 
prongs  of  a  tuning-fork,  the  strings  of  musical  instruments, 
the  coverings  of  drums  or  gongs,  and  other  contrivances,  pro- 
duces sound ;  the  agitation  that  ensues  communicating  itself 
to  the  surrounding  air,  a  succession  of  vibrations  ensues, 
which  reaches  the  ear  and  is  called  sound.  But  the  par- 
ticles of  air  in  contact  with  the  ear  must  vibrate  at  least 
thirty  times  in  a  second  before  the  impression  of  a  musical 
note  can  be  received. 

The  atmosphere  around  us,  if  moved  in  a  body  and  with  the 
same  velocity,  produces  no  soimd ;  a  high  wind  must  be  driven 
against  some  obstacle  before  the  voice  of  the  hurricane  is 
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heard.  The  booming  of  cannon,  or  the  joyous  peal  of  a  bell, 
is  borne  in  agitated  waves  along  the  atmosiihere,  in  whatever 
direction  the  wind  may  blow ;  but  neither  they  nor  the  sound 
of  a  thousand  brazen  instruments  produce  the  slightest  degree 
of  wind  in  any  direction.  Still  when  a  powerful  instrument 
is  sounded  near  to  a  table  on  which  glasses  are  placed,  they 
will  be  observed  to  tremble,  and  may  even  fall  to  the  ground 
on  account  of  the  vibration  produced. 

The  aerial  ocean  in  which  man  lives,  is  the  general  medium 
through  which  sound  is  conveyed  to  his  senses,  being  iu  direct 
communication  with  the  tympanum  or  drum  of  his  ear ;  but 
other  bodies,  sohd  or  fluid,  having  their  particles  of  matter 
closer  than  air,  when  possessed  of  a  moderate  degree  of  elas- 
ticity, if  placed  between  the  exciting  cause  and  the  ear,  form 
mediums  for  the  conveyance  of  sound.  The  velocity  of  sound 
in  air  is  1125  feet  per  second.  A  beU  rung  under  water  has 
been  distinctly  heard  at  a  distance  of  nine  mUes,  which  must 
have  sped  at  the  rate  of  4708  feet  per  second.  Thus  it  is 
found  by  accurate  calculation,  that  sound  travels  more  than 
fom'  times  more  quickly  in  water  than  in  air.  If  a  pex'son 
scratch  one  end  of  a  long  pieoc  of  timber  with  a  pin,  and 
another  person  apply  his  ear  to  the  other  end,  the  noise  can  be 
distinctly  heard  by  the  person  at  the  distant  end,  although  not 
by  him  using  tlie  pin.  The  same  applies  to  the  ticking  of  a 
watch,  that  only  a  few  feet  distant  with  the  medium  of  air 
could  not  be  heard ;  this  sound  is  also  conveyed  from  ten  to 
twenty  times  quicker  through  this  sohd  than  through  the  air. 
The  earth  likewise  is  a  good  conductor  of  sound ;  and  we  read 
of  North  American  Indians  laying  their  ears  to  the  ground,  to 
discover  the  approach  of  human  enemies  or  beasts  of  the  forest. 
The  miner  hears  through  the  solid  rock  the  pickaxe  of  some 
neighbouring  labourer,  and  the  besieged  detect  the  approach 
of  a  subterraneous  enemy,  from  the  sound  conveyed  by  the 
earth.  The  physician  applies  the  end  a  (fig.  143)  of  the  stetho- 
scope to  the  chest  of  his  patient,   

and  hears  the  operation  of  breath-  ~^  j 

ing,  and  the  rushing  of  the  blood  '-'^'^ 
in  the  heart,  by  applying  his  ear         _      I'ig-  ^43.^ 
to  the  end  b.    On  placing  a  wooden  or  iron  bar  against  a  tea- 
urn  or  kettle,  and  the  opposite  end  against  the  ear,  a  tumul- 
tuous roaring  and  bubbling  is  heard,  and  the  boiling  of  tho 
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water  ascortaiued.  Iron  conveys  sound  seventeen  times  faster 
than  air.  If,  with  closed  ears,  the  teeth  or  temple  be  placed 
against  a  long  piece  of  timber,  having  at  the  other  end  a 
watch,  the  ticking  will  be  distinctly  heard.  This  is  the  case 
as  long  as  the  nerve  of  the  ear  is  uninjured,  the  sonorous 
^dbrations  being  conveyed  by  the  solid  bodies  of  the  teeth  and 
cranium  to  the  nerves  of  the  ear. 

Sound  is  not  conducted  well  from  one  medium  to  another, 
except  when  they  are  of  similar  density.  Thus,  on  putting 
the  head  beneath  the  water  of  a  bath,  no  sound  is  heard  from 
the  world  outside. 

Wind,  as  evei-y  one  has  practically  experienced,  retards  or 
accelerates  sound.  The  booming  of  cannon  in  a  naval  engage- 
ment has  been  heard  at  the  distance  of  two  hundred  miles.  A 
whisper  and  the  report  of  a  cannon  travel  at  the  same  speed ; 
thus  a  sound  may  be  made  loud  by  a  powerful  blow,  but 
nothing  is  added  to  its  velocity  of  propagation.  At  62  degrees 
of  Fahrenheit's  thermometer  sound  travels  at  the  rate  of 
112.5  feet  per  second ;  a  cannon-ball  has  about  the  same 
velocity,  but  at  every  foot  its  speed  is  lessened ;  whereas  the 
noise  accompanying  its  start'  on  its  destructive  mission  con- 
tinues onward  with  the  same  speed  as  at  first,  only  diminishing 
in  intensity  until  it  dies  away  in  space. 

Peschel  gives  345  miles  as  the  greatest  known  distance  to 
which  sound  has  been  carried  in  the  air.  This  was  when  the 
awful  explosion  of  a  volcano  at  St.  Vincent's  was  heard  at 
Demerara.  The  earth,  as  has  just  been  said,  conveys  sound 
better  than  the  air.  The  cannonading  of  the  battle  of  Jena 
was  just  heard  in  the  open  fields  near  Dresden,  a  distance  of 
92  miles,  and  in  the  casemates  of  the  fortress  it  was  very  di- 
stinct. The  bombardment  of  Antwerp  in  1832  is  said  to  have 
been  heard  in  the  mines  of  Saxony,  370  miles  distant ! 

Sound  travels  a  mile  in  about  four  seconds  and  three  quar- 
ters ;  12|  miles,  equal  to  67,500  feet,  in  a  minute,  or  767  miles 
in  an  hour. 

Thus  if  a  flash  of  a  musket  be  seen,  the  distance  may  be 
easily  ascertained  by  timing  the  arrival  of  the  report.  "SVlien 
lightning  bursts  from  the  clouds,  by  laying  the  fingers  on  the 
wrist  and  counting  each  pulsation  as  a  second  until  the  thunder 
is  heard,  its  distance  may  be  pretty  nearly  calculated.  But 
for  every  increase  of  one  degree  of  temperature  the  velocity 
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decreases  one  foot  and  a  seventh  in  a  second,  and  for  every 
decrease  of  one  degree  of  temperature  it  increases  in  velocity 
in  the  same  quantity,  which  gives  about  1160  feet  velocity  per 
second  when  the  thermometer  is  at  freezing-point. 

On  Mont  Blanc,  where  the  air  is  only  half  as  dense  as  at 
the  surface  of  the  earth,  the  rejiort  of  a  pistol  is  not  louder 
than  that  of  a  squib.  At  the  North  Pole,  where  the  atmo- 
sphere is  dense  from  cold,  a  conversation  has  been  carried  on 
at  a  distance  of  a  mile  and  a  quarter.  Sounds  are  better 
heard  at  night  than  during  the  day,  from  there  being  less 
vaiiation  of  temperature. 

In  fact,  bodies  or  media  which  conduct  sound  are  thrown 
into  a  state  of  motion  of  an  extremely  rapid  character.  This 
motion  of  their  particles  constitute  sound,  which  has  no  exist- 
ence by  itself,  being  merely  a  peculiar  state  or  condition  of 
matter.  The  kind  of  motion  is  that  called  vibration  or  undu- 
lation, a  movement  like  that  of  waves  of  water,  or  of  a  tight 
string  shaken  at  one  end.  The  whole  body  vibrating  undergoes 
no  chiinge  of  place ;  it  is  only  its  atoms  or  particles  which  thus 
wave  to  and  fro,  generally  imperceptibly.  On  twitching  a 
tight  catgut  string  so  as  to  make  it  vibrate,  we  may  actually 
see  the  motions  which  cause  sound.  Also  they  may  be  seen 
in  the  rod  of  a  tuning-fork  when  sounded.  Such  vibrations 
are  transmitted  to  the  air,  the  particles  of  "s^'hieh  vibrate  in  a 
similar  (though  unseen)  manner ;  by  the  air  they  are  passed 
on  to  the  membrane  of  the  car ;  this  vibrates  in  contact  with 
a  chain  of  bones  which  transmit  the  sensation  to  the  auditory 
neiTC  ;  and  the  sound  is  heard,  i.  e.  appreciated,  by  means  of  a 
sense  formed  for  that  very  purpose. 

The  character  of  sound-^dbrations  may  be  rendered  e^•ident 
to  sight  by  many  simple  contrivances ;  as  by  a  ball  hung  by  a 
string  to  a  beU, — by  pieces  of  paper  on  a  violin-string — or 
by  sand  placed  on  the  sounding-board  of  a  piano  or  any  other 
stringed  instrument.  When,  again,  musical  notes  are  produced 
by  dra-sving  the  wet  finger  round  the  edge  of  a  glass  contain- 
ing some  water,  waves  wiU  be  seen  undulating  from  the  sides 
towards  the  centre. 

If  we  strike  a  tuning-fork,  and  then  touch  a  surface  of  mer- 
cury, waves  will  be  produced  corresponding  to  the  tremor 
giving  rise  to  the  tone.  If  we  touch  a  glass  disc,  or  hold  a 
tuning-fork  over  an  open  cylinder,  or  a  glass  which  has  any 
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Pig.  144. 


jBne  diist  upon  it,  or  water  in  it,  we  may  render  the  vibrations 
very  apparent;  and  the 
mode  of  exciting  and  main- 
taining the  vibrations  of  a 
column  of  air  may  thus 
be  shown : — Take  a  com- 
mon tuning-fork  (fig.  144), 
and  on  one  of  its  branches 
fasten,  with  seahng-wax, 
a  circular  disc  of  cai'd  of  the  size  of  a  small  wafer,  which  will 
cover  the  aperture  of  a  pipe.  If  the  fork  be  set  in  vibration 
by  a  blow  on  the  unprepared  branch,  and  the  disc  be  held 
close  over  the  mouth  of  the  pipe,  a  note  of  great  strength  and 
clearness  will  be  heard. 

In  the  line  of  undulation  of  a  string  or  other  body  which  is 
sounding,  there  may  be  distinguished  certain  points  of  rest 
between  the  waves.  Thus,  in  a  piece  of  catgut  fixed  at  each 
end  b  (fig.  145),  the  points 
marked  a  may  be  stUl,  while 
on  either  side  waves  rapidly 
alternate  in  opposite  direc- 
tions, as  represented  by  the 
bowed  lines 


Fig.  145. 

Such  spots  are  called  nodal ])oints.  The  motions 
on  the  line  at  the  intervening  spaces  resemble  the  oscillations 
of  the  pendulum,  in  being  equal  in  extent  and  time,  and  continue 
thus  as  long  as  the  soxmd  lasts. 

The  number  and  rapidity  of  vibrations  in  a  line  or  rod  is 
increased  in  proportion  to  its  tension.  It  is  also  increased  in 
proportion  as  its  length  is  lessened. 

If  we  strew  some 
fine  sand  on  plates  of 
glass,  and  elicit  sounds 
from  these  by  drawing 
the  bow  of  a  violin 
across  their  edges  at 
various  points,  the  sand 
will  collect  on  the  points 

of  greatest  rest,  and  »    .  >= 

thus  nodal  figures  may 

be  formed  in  which  the  curving  lines  will  represent  accurately 
the  direction  of  each  wave  of  vibration.    The  examples  in 
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fig.  146  show  the  curious  variety  of  patterns  which  may  be  ob- 
tained by  a  little  dexterous  manipulation.  Sound  radiates  in 
all  directions  from  the  body  which  emits  it.  It  will  diverge 
Irom  a  hole  in  a  solid  substance,  which  retards  its  transmission 
in  the  same  manner  as  light  (fig.  147).    Like  light  also,  it  is 

h 


Fig.  147. 

capable  of  being  reflected,  and  concentrated  by  a  concave  surface. 
A  man  speaking  in  the  focus  of  a  concave  surface  of  metal 
is  heard  distinctly  by  another  in  the  focus  of  a  similar  surface 
placed  opposite  at  some  distance  (fig.  148). 


Fig.  148. 

By  availing  ourselves  of  this  principle  of  reflexion,  sound 
may  be  concentrated  with  advantage.  By  speaking  or  blowing 
into  the  end  of  a  hoLLow  pipe,  we  procure  a  sound  which  is 
intensified  in  three  several  ways.  By  reflexion  from  its 
interior  surface  the  waves  of  sound  are  driven  to  a  focus 
towards  the  fm'ther  opening.  The  air,  being  compressed  into 
a  confined  space,  is  made  to  vibrate  with  far  greater  effect 
than  usual.  And  thirdly,  the  material  of  the  tube,  if  apt 
for  the  production  of  sound,  catches  the  note,  and  also 
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vibrates  iutcnsely.  These  causes  combine  to  produce  the  loud 
note  of  a  trumpet,  aad  coucui'  variously  in  other  wind  instru- 
ments. 

The  ear-tnmpet  enables  deaf  persons  to  hear  by  the  sound 
of  the  voice  being  brought  to  a  focus  at  the  narrow  end,  thus 
increasing  the  intensity  of  sound  upon  the  ear.  The  spealciny- 
trumpet  concentrates  sound,  and  directs  it  to  a  particular  part, 
above  the  voice  of  the  storm.  The  alcoves  on  Westminster 
Bridge  (fig.  149),  long  since  removed,  were  so  truly  constructed 


Fig.  149. — ^Alcove  on  "Westminster  Bridge. 


in  architectural  proportions,  that  on  a  still  evening  a  whisper  in 
'me  might  be  heard  in  another  on  the  opposite  side  of  the  road. 
But  one  of  the  most  perfect  instances  of  this  peculiarity  of 
')und  Ls  the  Whispering-gallery  of  St.  Paul's  Cathedral,  which 
;  430  feet  in  circumference.    Seated  in  this  gallery,  the  at- 
'mdant,  by  whispering  against  the  side  140  feet  from  the 
isitor,  is  heard  as  distinctly  as  if  close  to  the  ear. 
As  the  waves  of  water  are  thrown  back  when  they  meet 
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■wdth  an  obstructioE.  having  a  smooth  surface,  so  arc  the  wares 
of  air  creative  of  sound :  this  constitutes  an  echo. 

The  flat  sides  of  rocks,  mountains,  caves,  domes,  and  arches, 
thus  reflect  sounds.  There  are  several  very  remarkable  echoes 
in  our  islands  ;  among  the  most  striking  are  the  following : — 
An  echo  in  Woodstock  Park,  Oxfordshire,  repeats  seventeen 
syllables  by  day  and  twenty  by  night.  In  Gloucester  Cathe- 
dral, an  echo  conveys  a  whisper  75  feet  across  the  nave.  The 
suspension  bridge  across  the  Menai  Straits  repeats  a  blow  with 
a  hammer  twenty-eight  times  in  five  seconds.  On  the  Lakes 
of  Killarney  is  a  remarkably  fine  echo.  On  the  north  side  of 
Shipley  Church,  in  Sussex,  an  echo  repeats  twenty-one 
syllables.  At  Lurley,  on  the  Ehine,  a  noise  made  on  one  side 
of  the  river  is  echoed  and  re-echoed  across  and  across  in  a 
zigzag  manner,  proceeding  onwards  about  six  times,  when  it 
dies  away.  In  some  places  the  report  of  a  pistol  has  been 
counted  as  man)-  as  forty  times. 

As  we  commonly  utter  about  three  syllables  and  a  half,  or 
seven  half-syllables  in  a  second,  the  echo  of  this  number  of 
syllables  will  be  distinctly  heard  in  that  time  by  a  person 
situated  at  the  distance  of  about  560  feet,  half  the  number  of 
feet  soimd  travels  in  a  second  ;  but  if  a  sentence  be  continued, 
the  sounds  will  so  commingle  as  to  be  confused. 

As  sound  travels  at  the  rate  of  1125  feet  in  a  second,  by 
timing  the  arrival  of  an  echo  to  the  ear  the  distance  of  places 
may  be  ascertained. 

If  the  waves  of  air  strike  obliquely  against  a  wall,  they 
wUl  be  reflected  ob- 
liquely on  the  other  .y^i^M^m^m 
side,  the  angles  of 
incidence  and  re- 
flexion being  equal. 
The  irregidarity  of 
surface  in  a  wall 
may  be  so  great  as 
to  prevent  entirely 
any  distinct  reflec- 
tion :  this  is  the  case 
in  theatres,  thewalls 
of  which  are  pro- 


Fig.  150. 


vided  with  broken  surfaces  to  prevent  the  echo.    A  regular 
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concave  surface  concentrates  sound.  In  a  perfectly  circular 
room  the  waves  of  sound  are  concentrated  in  the  centre. 
Elliptical  or  oval-shaped  rooms  present  a  curious  jjroperty  in 
the  concentration  of  waves  of  sound.  This  property  is  such 
that  waves  of  sound  proceeding  from  one  of  the  foci  c  of  an 
elliptical  room  a  b  (fig.  150),  after  reflexion  at  various  points, 
as  from  the  lines  e,f,  g,  h,  i,  are  all  concentrated  in  the  other 
focus  d ;  thus  a  person  whispering  at  d  can  be  heard  distinctly 
by  another  standing  at  c,  although  it  is  not  audible  to  other 
parties  elsewhere  situated  in  the  room. 

The  Human  Ear. 

The  ear  forms  one  of  the  most  important  channels  of  con- 
nexion between  the  mind  and  the  external  world. 

The  external  passage  of  the  ear  (fig.  151)  is  terminated  by 
the  membrana  tympani,  which  is 
very  elastic,  having  behind  it  the 
tympanum ;  and  from  this  is  a 
tube  for  air  from  the  throat, 
which  accounts  for  persons  aiding 
their  hearing  by  opening  the 
mouth.  Deeper  than  the  tym- 
paniun,  which  contains  a  chain 
of  bones,  are  two  closed  cham- 
ber, called  cochlea  and  vestibule,  ^'S- 
which  are  filled  with  a  watery  fliud,  in  which  are  expanded  the 
fibres  of  the  auditory  nerve.  When  sounds  reach  the  membrana 
tympani  (fig.  152),  it  is  set  in  motion ;  this  is  communicated  to 
the  small  bones,  named  after  their  fancied  resemblance  to 
certain  implements,  the  malleus,  incus,  orbiculare,  and  stapes. 
Their  use  is  to  transmit  the  vibrations  of  sound  from  the 
external  membrane  to  the  fluid  contained  in  the  internal  ear, 
and  to  the  nei-ve  spread  out  in  this  fluid.  They  have  another 
j  use  that  a  single  bone  could  not  be  made  to  perform ;  namely, 
to  permit  the  lightening  and  relaxing  of  the  tympanic  mem- 
brane, and  thus  adapt  it  either  to  resist  the  impulse  of  a  very 
loud  sound  or  a  more  gentle  one.  Mammals  alone  have 
external  cars.  Birds  have  but  a  simple  aperture ;  in  reptiles 
and  fishes  the  ear  is  covered  over  with  skin :  in  many  animals, 
crabs  for  example,  it  consists  merely  of  a  vesicle  filled  with 
flmd,  throughout  which  the  nerve  is  spread  out. 
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An  old  stoiy  is  told  of  Dionysius,  the  tyrant  of  Syracuse. 
He  made  a  subterraneous  cave  in  a  rock  (said  to  be  stiU  pre- 
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Fig.  152. — vertical  section  of  the  human  ear. 


a.  Is  named  the  cochlea,  from  its  resem- 

blance to  a  small  shell. 

b.  Eustachian  tube,  leading  from  the  tym- 

panum to  the  back  of  the  throat. 

c.  The  tympanum,  in  which  are  four  small 

bones:  the  malleus,  or  hammer;  the 
incus,  or  anvil ;  the  orbiculare,  or  little 
ring  ;  and  the  stapes,  or  stirrup.  In 
it  are  two  openings,  called  fenestra 
ovalia  and  rotunda. 

d.  The  membrana  tympani. 

e.  The  glenoid  fossa  of  the  temporal  bone, 

in  which  the  lower  jaw  is  articulated. 
/.  The  styloid  process  of  the  temporal 
bone. 


g.  The  mastoid  process  of  the  temporal 
bone. 

li.  External  lobe  of  the  ear. 
i.  The  antitragus. 

j.  Conch  of,  or  entrance  into,  the  ear. 
k.  The  tragus. 

I,  m,  r.  Petrous  portions  of  the  temporal 
bone. 

n.  Opening  from  the  cavity  of  the  tym- 
panum to  the  cells  of  the  petrous  bone. 

o.  Semicircular  canals. 

p.  The  vestibule. 

q.  The  auditory  nerve. 

s.  Canal  through  which  the  internal  carotid 
artery  enters  the  cranium. 


served),  in  the  form  of  a  human  ear,  which  measured  80  feet 
in  height  and  250  feet  in  length.  The  sounds  of  this  sub- 
terranean cave  "were  all  directed  to  one  common  tympanum, 
which  had  a  communication  with  an  adjoining  room,  where 
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Dionysius  spent  the  greater  part  of  his  time,  to  hear  what  was 
said  by  those  whom  his  suspicion  and  cnielty  had  confined. 
The  artists  that  had  been  employed  in  making  this  cave  were 
all  put  to  death  by  order  of  the  tyrant,  for  fear  of  their  revealing 
the  pui-poses  to  which  a  work  of  such  uncommon  construction 
was  to  be  appropriated. 

Music. 

Such  is  the  delicacy  of  the  human  ear,  that  it  can  distinguish 
readily  between  two  sounds,  the  one  having  400  vibrations  in 
a  second  and  the  other  405 ;  even  between  different  instruments 
playing  the  same  note,  and  between  two  of  the  same  kind  of 
iustniments  when  playing  together ;  or  detect  a  single  voice 
amid  hundreds  all  singing  the  same  tune.  The  hearers  of  an 
orchestra  are  employed  in  discriminating  between  various  rates 
of  succession  in  the  undulations  of  the  air  around  them,  from 
60  to  2000  per  second. 

If  a  piece  of  catgut  or  wire  be  sL'ghtly  stretched,  and  then 
hit  or  pulled  at  the  middle,  it  will  be  seen  to  vibrate,  and  each 
pulse  of  the  air  be  separately  heard  ;  but  when  tightened  and 
struck  or  pulled,  the  vibrations  follow  in  quick  succession, 
only  a  broad  indistinct  line  is  seen,  and  the  pulses  of  the  air 
follow  so  rapidly,  that  they  are  felt  on  the  ear  as  one  tone, 
which  is  called  a  note.  The  uniformity  of  tones  in  elastic 
strings  arises  fi'om  large  vibrations  occupying  about  the  same 
time  as  smaller  ones.  When  the  vibrations  are  rapid,  the 
sound  is  loud,  fi-om  the  pulses  of  the  aii'  being  more  forcible. 
The  regularity  of  succession  of  the  pulses  of  the  air  produces 
the  pleasing  effects  of  a  tone,  as  the  buzzing  heard  from  the 
(  quick  and  regular  movement  of  the  wing  of  a  fly. 

If  we  examine  the  strings  of  a  violin,  we  see  that  one  is 
(  carefully  wound  round  with  a  fine  metal  wire  ;  this  makes  it 
I  thick  and  heavy ;  it  must  have  a  slower  vibration  than  thinner 
(  ones,  therefore  produces  a  bass  or  grave  note ;  and  the  others 
'  vary  in  thickness,  have  quicker  vibrations  and  sound,  higher 
'  or  sharper,  and  are  screwed  up  to  a  certain  tension  to  assist  the 
perfection  of  tone.    Then  a  quicker  vibration  is  produced  from 
shortening  the  string  by  the  pressure  of  the  finger  or  by 
tightening,  and  slower  vibrations  by  lengthening  the  string  or 
slackening  it. 

There  are  seven  primary  notes  in  music,  which  are  those 
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that  would  be  used  by  a  person  who  had  not  learnt  it  scienti- 
fically. They  are  expressed  in  singing  by  the  names  of  Do, 
Re,  Mi,  Fa,  Sol,  La,  Si,  and  in  piiated  music  by  notes  arranged 
and  named  as  the  following  letters  of  the  alphabet,  C,  D,  E, 
F,  G,  A,  B. 

The  pitch  of  the  different  musical  tones  are  represented  to 

the  eye  by  employing  five  par-  »—•—*- 

rallel  lines,  called  a  staff,  or  »  o 

stave,  the  degree  of  pitch  being     •  " 

shown  by  chai-acters  placed  I'ig- 153. 

upon  those  hues  or  on  the  spaces  between  them,  as  in  fig.  153, 

these  ehai'acters  being  called  tiotes ;  the  whole  in  this  example 

representing  one  octavo  and  part  of  another. 

If  a  musical  string  be  of  such  a  length  and  tension  that  it 
gives  out  in  a  second  258  vibrations,  according  to  M.  Biot  the 
note  will  be  C ;  but  if  only  half  the  length  be  used,  the  vibra- 
tions will  be  twice  as  many  as  before,  516;  this  commences  a 
new  series  of  notes,  another  C  or  eighth  letter,  and  is  tenned 
an  octave.  If  the  string  be  reduced  to  eight-ninths  there  wiU 
be  290  \-ibrations,  the  note  D ;  if  to  foiir-fifths  322  vibrations, 
the  note  E ;  if  to  three-foui'ths  344  vibrations,  the  note  F ;  if 
to  two-thirds  387  vibrations,  the  note  G ;  if  to  three-fifths 
430  vibrations,  the  note  A ;  and  if  to  eight-fifteenths  483 
vibrations,  the  note  B.  A  string  when  touched  not  only  gives 
out  its  primary  note,  but  subordinate  notes  belonging  to  its 
half,  third  and  fourth.  By  watching  the  motion  of  a  string,  it 
will  be  found  vibrating  not  only  along  its  whole  length,  but 
also  at  the  same  time  vibrating  in  shorter  lengths,  thus  some- 
times the  subordinate  notes  are  more  distinctly  heard  for  a 
time  than  the  original.  It  is  this  natural  and  self-acting 
division  of  a  string  into  equal  parts  that  produces  the  wild  i 
music  of  the  JEolian  harp.  The  cords  are  tuned  to  the  same  | 
pitch,  but  as  the  passing  breeze  touches  various  parts,  either  a 
perfect  note  is  heard,  or  some  of  the  divisions  in  vibration  of  < 
which  each  string  is  susceptible. 

The  iEoHan  harp  (fig.  154)  may  be  constructed  in  the  follow- 
ing way : — "  Let  a  box  be  made  of  thin  deal,  of  a  length  exactly 
answering  to  the  window  in  which  it  is  intended  to  be  placed, 
four  or  five  inches  in  depth,  and  five  or  six  in  width.  Glue  on 
it,  at  the  extremities  of  the  top,  two  pieces  of  oak,  about  half 
an  inch  high  and  a  quarter  of  an  inch  thick,  to  serve  as  bridges 
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for  the  stiings ;  and  inside,  at  each  end,  glue  two  pieces  of 
beech  about  an  inch  square,  and  of  length  equal  to  the  width 
of  the  box,  which  are  to  hold  tho  pegs.  Into  one  of  thes.e 
bridges  fix  as  many  pegs,  such  as  are  used  in  a  pianoforte, 
though  not  so  large,  as  there  are  to  be  strings ;  and  into  the 
other,  fasten  as  many  small  brass  pins,  to  which  attach  one 
end  of  the  strings.  Then  string  the  instrument  with  small 
catgut,  or  first  fiddle-sti'iugs,  fixing  one  end  of  them,  and 
twisting  the  other  round  the  opposite  peg.  These  strings, 
which  should  not  be  drawn  tight,  must  be  tuned  in  unison. 


Fig.  154.— The  ^oUan  Harp. 

To  procure  a  proper  passage  for  the  wind,  a  thin  board,  sup- 
ported by  four  pegs,  is  placed  over  the  strings,  at  about  three 
inches  distance  from  the  sounding-board.  The  instrument 
must  be  exposed  to  the  wind  at  a  window  partly  open ;  and 
to  increase  the  force  of  the  current  of  air,  either  the  door  of 
the  room,  or  an  opposite  window,  should  be  opened.  When 
the  wind  blows,  the  strings  begin  to  sound  in  unison ;  but  as 
the  force  of  the  current  increases,  the  sound  changes  into  a 
pleasing  admixture  of  aU  the  notes  of  the  diatonic  scale, 
ascending  and  descending,  and  these  often  unite  in  the  most 
dehghtful  harmonic  combinations." 

The  lowest  note  that  can  be  heard  has  30  vibrations  in  a 
second,  and  the  highest  8192,  between  which  there  are  about 
eight  octaves.  The  human  voice  possesses  a  power  of  from 
two  to  three  octaves,  a  man  having  a  pitch  an  octave  lower 
than  a  woman.  An  organ-pipe  32  feet  long  produces  a  very' 
deep  note,  having  waves  of  sound  32  feet  long,  and  the  same 
number  of  vibrations  in  a  second  ;  this  is  note  CCC  ;  its  octave 
has  64  vibrations  in  the  same  time,  its  third  40,  and  so  on. 
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Although  the  same  note  as  to  pitch  or  tone  may  be  given  by 
a  skilful  player  and  a  mere  amateur,  by  producing  a  given 
number  of  vibrations,  yet  there  is  a  peculiarity,  a  difference, 
conveyed  to  the  sense  of  hearing  from  the  manner  in  which 
the  air  is  acted  upon.    The  late  Dr. 
Young  examined  the  string  of  a  violin 
"when  in  motion,  and  by  throwing  a 
beam  of  light  upon  it,  and  marking  the 
motion  of  the  bright  spot  which  it  made,  Tig.  155. 

he  foiind  that  the  string  rarely  vibrated  in  the  same  plane, 
but  that  the  middle  points  would  describe  various  and  very 
complicated  curves  (fig.  155),  corresponding  to  different  man- 
ners of  dra%\'ing  the  bow.  Thus,  then,  may  arise  the  crude 
and  the  polished  tone. 

The  simple  scale  of  seven  notes  that  we  have  given,  is  that 
of  nature ;  for  wherever  man  is  found,  and  has  expressed 
liimself  in  musical  language,  they  are  the  notes  he  uses.  The 
music  of  the  human  voice  is  produced  by  the  ■\ibration  of  two 
membranes  at  the  top  of  the  windpipe,  having  an  opening 
between  them  for  the  passage  of  the  air.  According  to  the 
-degree  of  tension  of  these  membranes,  and  the  size  of  the 
opening,  is  the  voice  bass  or  treble  ;  and  according  to  the  note  | 
lie  utters,  are  the  vibrations.  Thirds,  fifths,  and  octaves 
harmonise  Avith  each  other,  when  sounded  together,  more  than 
other  notes,  from  their  vibrations  being  more  in  proportion,  '< 
which  renders  the  sounds  in  a  greater  degree  gratifying  to  the 
ear.  Time  gives  a  foreknowledge  of  the  expected  sound,  and 
thus  is  pleasing  to  the  mind.  I 

"We  may  add,  that  concert  pitch  has  progressively  risen  all 
over  the  world. 

Musical  sounds  are  prodiiced  in  many  ways,  as  by  elastic 
metal  -wires  ;  prepared  stiings  of  animal  intestines  ;  pieces  of 
metal  cut  like  a  comb,  having  a  barrel  vrith  prongs  to  cause 
them  to  vibrate  ;  the  stretched  skins  of  sheep ;  hollow  vessels 
«pf  brass,  confining  a  column  of  air  in  a  tube ;  a  glass  or  pieces 
■of  glass,  a  bell ;  or,  as  in  tlie  organ,  admitting  a  column  of  air  j 
-from  bellows  to  pipes  by  the  action  of  keys  ;  or  by  thin  pieces  f 
of  reeds  or  metal,  which  vibrate  from  the  breath  being  apphed, 
and  according  to  their  elasticity,  "\A-eight,  or  length,  give  forth 
their  peculiar  tones ;  and  these  different  means  of  producing 
sounds  give  rise  to  the  varied  shapes  of  musical  instruments. 
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M.  Pabcr  made  an  attempt,  by  the  aid  of  macliincry,  to 
imitate  the  human  Yoice  ;  he  called  his  invention  "  The  Eu- 
phonia  "  (fig.  156),  and  stated  it  to  be  the  result  of  t\yenty-fivo 
years'  labour !  It  is  quite  true  that  mechanical  figures,  in 
turbans,  with  thcu-  lungs  in  red  baize  and  worked  by  machinery, 
are  not  in  themselves  useful — the  more  particularly  as  all 


rig.  156.— The  Euphonia. 
talking  machinery  requires  the  impulse  of  a  real  living  and 
talking  man,  who  might  more  conveniently  have  done  the 
talking  at  first  hand ;  but  as  an  example  of  inductive  and  me- 
chanical ingenuity,  however,  such  an  exhibition  as  this  is  well 
deserving  of  attention ;  and  there  is  no  difficulty,  besides,  in 

a2 


228 


ACOUSTICS,  OR  THE  PHYSICS  OF  SOUSTD. 


imagining  a  number  of  purposes  to  which  the  discovery  of  any 
artificial  means  for  producing  vocal  articulation  might  be 
applied  with  valuable  effect.  It  is,  in  any  case,  an  old  scien- 
tific problem;  and  anything  that  brings  us  nearer  to  its 
solution  would  have  an  interest,  were  it  for  that  reason  alone. 
We  believe  this  invention  of  Professor  Faber  comes  closer  to 
that  result  than  any  previous  "  instrument  made  with  hands." 
Still,  this  is,  like  all  similar  attempts  which  have  preceded  it, 
only  an  approximation,  though  a  nearer  approximation,  to  the 
thing  proposed.  It  requires  something  more  than  a  fuU  know- 
ledge of  the  ingenuity  and  perseverance  which  appears  to  have 
been  bestowed  on  this  work,  to  induce  us  to  give  our  assent 
to  the  proposition,  that  a  sound  of  the  kind  produced,  deserves 
to  be  dignified  by  calling  it  a  human  voice ;  indeed  the  machine 
-  is  only  remarkable  as  the  result  of  patient  industry  and  scien- 
tific skill. 

Voice  and  Speech. 

The  chest  and  air-passages,  with  their  parts,  constitute  the 
organs  of  voice  and  speech.  An  inquirer  into  the  constitution 
of  the  universe  around  him  meets  mth  few  things  calculated 
more  to  surj^rise  him,  than  the  faculty  in  the  human  mind  by 
which  it  can  so  closely  associate  the  ideas  of  objects  with  any 
arbitrary  signs,  that  the  ideas  are  afterwards  excited  by  the 
signs  almost  as  vividly  as  by  the  objects  themselves.  The 
inhabitants  of  China,  for  instance,  have  contrived  many  thou- 
sand grotesque  characters,  and  determined  what  object  each 
one  shall  recaU ;  and  a  person  who  by  study  becomes  familiar 
with  them,  may  have  his  bodily  eye  poring  over  pages  of 
crooked  and  unseemly  scratches,  while  his  mental  eye  sees 
only  a  pleasing  succession  of  the  most  beautiful  imagery  of 
nature;  and  the  characters  are  intelHgible  to  the  deaf  and 
dumb  man  as  well  as  to  him  who  speaks ;  and  they  seiTO  as 
media  of  thoughts  and  communications  through  many  provinces 
and  countries  of  which  the  spoken  languages  have  no  common 
resemblance. 

If  the  ready  resemblance  of  visible  marks  be  wonderful, 
which  have  permanent  existence,  and  often  a  certain  resem- 
blance of  the  things  signified,  how  much  more  wonderful  is  it 
that  an  audible  sign,  that  is,  a  passing  sound  or  fugitive  breath, 
should  serve  as  well ;  and  that  by  a  succession  of  mere  sounds. 
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different  in  every  country  and  changing  from  age  to  age,  any 
train  of  thoughts  may  be  made  to  pass  through  the  minds  of 
an  audience,  so  as  to  leave  impressions  ahnost  as  strong  as 
from  reaHties  !  Such,  however,  is  the  fact ;  and  it  is  greatly 
owing  to  this  and  to  a  corresponding  faculty  of  producing  easil}'- 
a  sufficient  number  of  distinguishable  sounds,  that  man  owes 
his  elevation  above  the  brutes  of  the  field. 

His  godhke  powers  of  intellect  would  have  remained  dormant 
and  imkno\vn,  had  he  wanted  the  power  of  comparing  his  in- 
visible thoughts  with  those  of  his  fellow-men,  and  of  arranging 
and  recording  them  by  means  of  signs. 

Written  language  is  a  double  remove  from  the  objects  them- 
selves, being  visible  signs,  not  of  things,  but  of  the  audible  signs. 

The  admirable  apparatus  by  which  man  is  enabled  to  pro- 
duce a  sufficient  variety  of  sounds  to  answer  his  purposes  passes 
generally  under  the  title  of  the  organs  of  speech ;  because  the 
combination  of  sounds  which  have  meanings  assigned  to  them 
is  called  speech.  It  consists  of  the  chest  for  containing  air,  of 
the  larynx  or  cartilaginous  box  at  the  top  of  the  windpipe  for 
producing  the  voice,  and  of  the  short  tube  of  the  mouth  for 
modifying  it. 

"We  have  already  explained  that  sound  is  the  name  given  to 
the  effect  produced  upon  the  ear  by  certain  tremblings  con- 
veyed to  it,  generally  through  the  medium  of  the  air ;  tbis  air, 
rushing  from  the  human  lungs  through  the  opening  at  the  top 
of  the  windpipe,  may  be  modified  at  the  will  of  the  individual, 
in  a  great  variety  of  ways — a  variety  which  is,  however,  still 
very  simple. 

The  modifications  of  voice  easily  made,  and  easUy  distin- 
guishable by  the  ear,  and  therefore  fit  elements  of  language, 
are  about  fifty  in  number;  but  no  single  language  contains 
more  than  about  half  of  them.  They  are  divisible  into  two 
very  distinct  and  nearly  equal  classes,  called  vowels  and  con- 
ionants. 

Those  of  the  first  class  are  the  simple  voice  issuing  through 
the  open  mouth,  and  influenced  only  by  the  degrees  in  which 
the  mouth  is  opened  and  elongated.  They  may  be  continued 
as  long  as  there  is  breath  to  issue  from  the  chest,  and  therefore 
are  named  vovjels  or  calling  soimds.  The  Koman  letters  A  E 
I  0  U,  as  generally  pronounced  on  the  continent  of  Europe, 
indicate  the  most  easily  distinguishable  vowels.  Sounds 
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passing  through  the  mouth  while  in  its  most  natural  state  of 
relaxation,  are  heard  as  the  modification  expressed  there  by  the 
Eoman  E  (or  the  a  of  the  English  word  care) ;  if  the  mouth 
be  then  widened,  it  becomes  A  (of  the  English  word  bar)  ;  if 
narrowed,  we  hear  I  (or  ee  of  the  English  word  seem) ;  if  the 
moTith  be  elongated,  and  at  the  same  time  -widened,  we  hear 
0  ;  and  if  elongated  and  narrowed,  we  hear  IT  (of  the  English 
word  rude).  The  possible  number  of  vowels,  however,  is  as 
great  as  the  possible  degree  in  which  the  dimensions  of  the 
mouth  may  be  altered.  About  twentj-  of  them  are  sufficiently 
distinguishable ;  but  few  languages  comprehend  so  many. 
Modem  art  can  produce  the  vowel  sound  mechanically,  by 
means  of  tubes  of  certain  dimensions. 

The  alphabets  of  Europe  are  yery  faulty  in  not  using  the 
same  characters  for  the  same  sounds,  and  in  not  having  a 
character  for  each  sound,  according  to  the  true  intent  of  the 
alphabet.  In  English  one  letter  is  iised  for  several  sounds,  as 
A  in  ivater,  far,  fat,  fate,  which  are  foui"  perfectly  distinct 
Bounds. 

In  repeating  the  English  alphabet,  the  A  is  pronounced  as 
a  broad  E  of  the  Italians,  and  the  E  as  the  I.  The  EngKsh 
vowel  I  is  the  diphthong  AI  of  the  more  correct  alphabets ; 
and  the  English  U  is  the  diphthong  ITJ.  In  consequence  of 
the  changes  which  have  taken  place  in  England  in  the  meaning 
of  the  lloman  letters,  the  difficulty  natives  experience  in 
Icai'ning  modern  continental  languages  is  often  great,  and  un- 
intelligible to  all  but  themselves.  The  same  cause  renders 
the  pronunciation  of  English  difficidt  to  foreigners,  and  thus 
much  restricts  the  cultivation  of  English  literatiu'e  in  other 
countries. 

To  explain  the  second  class  of  the  modifications  of  sound, 
called  consonants,  we  may  remark,  that  while  any  continued  or 
vowel  sound  is  passing  through  tho  mouth,  if  it  be  interrupted, 
whether  by  a  complete  closure  of  the  mouth  or  an  approxima- 
tion of  parts,  the  eflfect  on  the  ear  of  a  listener  is  so  exceedingly 
different,  according  to  the  situation  in  the  mouth  where  the 
interruption  occurs,  and  to  the  manner  in  which  it  occurs,  that 
many  most  distinct  modifications  thence  arise.  Thus  any 
continued  sound,  as  A,  if  arrested  by  a  closure  of  the  mouth 
at  the  external  confine  or  lips,  is  heard  to  terminate  with  the 
modification  expressed  by  the  letter  P,  that  is,  the  syUablo 
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AP  has  been  pronounced ;  but  if,  under  similar  circumstances, 
the  closure  be  made  at  the  back  of  the  mouth  by  the  tongue 
rising  against  the  palate,  we  hear  the  modification  expressed 
by  the  letter  K,  and  the  syllable  AK  has  been  pronounced ; 
and  if  the  closure  be  made  in  the  middle  of  the  mouth  by  the 
tip  of  the  tongue  rising  against  the  roof,  the  sound  expressed 
by  T  is  produced,  and  the  syllable  AT  is  heard ;  and  so  of 
others.  It  is  to  be  remarked  also,  that  the  ear  is  equally 
sensible  of  the  peculiarities,  whether  the  closure  precedes  the 
continued  sound  or  follows  it ;  that  is  to  say,  whether  the 
syllables  pronounced  are  AP,  AT,  AK,  or  PA,  TA,  KA.  The 
modifications  of  which  we  are  now  speaking  appear,  then,  not 
to  be  really  sounds,  but  only  manners  of  beginning  and  ending 
sounds ;  and  it  is  because  they  can  thus  be  perceived  only  in 
connexion  with  vocal  sounds  that  they  are  called  consonants. 

There  are  in  the  mouth,  considered  as  a  vocal  tube,  three 
situations  in  which  interruptions  of  the  voice  or  breath  may 
most  conveniently  be  made,  and  there  are  six  modes  of  making 
it  at  each ;  so  that  eighteen  distinct  interruptive  modifications 
or  consonants  hence  arise.    These  we  shall  now  describe. 

The  three  great  oral  positions,  as  they  may  be  called,  are: — 

1.  At  the  external  confine  of  the  mouth,  or  lips,  giving  the 
labial  articulations. 

2.  In  the  middle  of  the  mouth,  where  the  tip  of  the  tongue 
approaches  the  palate,  behind  the  teeth,  producing  the  palatal 
articulations. 

3.  Near  the  back  of  the  mouth,  where  the  body  of  the  tongue 
approaches  the  palate,  giving  the  guttural  ai'ticulations. 

The  six  modes  in  which  the  voice  or  breath  may  be  affected 
in  passing  through  each  of  the  three  positions  of  the  mouth 
are  the  following : — 

1.  A  sudden  stoppage,  producing  what  may  be  called  a  mute 
articulation,  viz.  P  in  the  labial  position,  T  in  the  palatal, 
and  K  in  the  guttural.  In  pronouncing  experimentally,  it  is 
better  that  the  vowel  be  heard  before  the  consonant  than  after 
it, as  bysounding  the  syllable  AB  instead  of  BA.  See  the  general 
Table  of  articulations  on  page  233.  The  Table  may  be  con- 
sidered as  representing  the  tube  of  the  mouth,  with  the  letters 
80  placed  in  it  as  to  show  in  what  situations  they  are  severally 
produced.  A  mute  may  also  be  made  by  stopping  the  breath 
exactly  at  the  teeth,  producing  thus  a  dental  mute ;  but  it  is 
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hardly  distinguishable  from  the  palatal  mute  just  behind  it, 
and  being  less  perfect,  is  not  used.  Some  awkward  speakers 
substitute  it  for  the  proper  mute,  and  are  said  to  speak  thick. 
If  the  sides  of  the  tongue  be  depressed  after  it  has  taken  the 
position  required  for  T,  the  sound  L  is  produced. 

2.  A  sudden  shutting,  as  in  the  previous  case,  but  the  voice 
being  allowed  to  continue  until  the  part  of  the  mouth  behind 
the  closures  be  distended  with  air.  This  produces  the  semi- 
mutes  B,  D,  and  G  (in  its  hard  sound,  as  in  pig),  for  the  three 
positions.  There  might  be  a  dental  half -mute,  but  it  is  of  no 
more  use  than  the  dental  mute,  and  for  the  same  reasons. 

3.  The  positions  closed,  as  for  the  mutes,  while  sound  is 
allowed  to  pass  by  the  nose.  Thus  arise  the  semi-vowels  or 
nasals,  M,  N,  NG,  for  these  tbree  positions.  NG  (as  in  king) 
is  a  simple  soimd,  although  our  imperfect  alphabet  has  no 
single  letter  for  it.  The  nasal  sound  of  the  French  language, 
which  gives  it  so  great  a  peculiarity,  approximates  to  the 
English  KG,  but  differs  from  it  in  the  sound  passing  by  the 
mouth  as  well  as  by  the  nose.  It  is  represented  by  ng  in  the 
Table. 

4.  Breath  only,  or  whisper,  allowed  to  pass  at  the  three  oral 
positions  nearly  closed.  Hence  come  the  sounds  which  we  call 
osjnrates,  viz.  F,  TH,  and  CH ;  the  two  latter  are  simple  sounds, 
although  expressed  in  English  by  two  letters.  The  TH  is 
heai'd  in  the  word  bath,  and  is  the  of  the  Greeks.  The  CH 
is  heard  in  the  Scotch  word  locJi,  in  the  German  ic7i,  and  is 
the  ^  of  the  Greeks.  The  soft  palatal  aspirate  TH  is  not  so 
easily  made  as  the  dental,  which  is  heard  on  pressing  the 
tongixe  gently  against  the  teeth,  and  allowing  the  breath  to 
pass  all  round ;  the  dental,  therefore,  is  used  in  preference  to 
the  palatal.  The  letter  S  is  the  liard  p)alatal  aspirate,  and 
differs  from  the  soft  aspirate  TH  in  the  breath  being  made  to 
issue  with  greater  force,  and  only  by  a  narrow  space  over  the 
centre  of  a  rigid  tongue,  instead  of  on  aU  sides  of  a  soft  tongue, 
as  for  TH.  French  people,  on  first  attempting  to  pronoimce 
TH,  always  substitute  for  it  the  S  or  the  Z  (which  is  nearly 
related  to  S,  as  explained  below).  A  little  practice  wiU 
enable  them  to  pronounce  the  TH  at  once,  and  perfectly,  by 
explaining  its  nature  as  above.  If  we  depress  the  sides  of 
the  tongue  while  pronouncing  S,  we  make  the  simple  soimd 
expressed  by  the  English  double  letter  SH;  just  as  by 


TOICE  Xm)  SPEECH. 


233 


depressing  the  sides  of  the  tongue  while  making  T  we  pro- 
duce L. 

5.  Usiag  voice  in  the  same  manner  as  breath,  or  whisper, 
for  the  aspirates.  This  produces  the  sounds  called  vocal 
asj)i>'(ttes,  is  heard  iu  bathe,  as  contrasted  with  the  simple 
aspirates  in  bath:  Z  comes  from  the  S  position,  only  with 
sound  instead  of  breath ;  SH  pronounced  ydih.  voice  becomes 
the  J  of  the  French  in  the  word  je,  or  the  sound  heard  in  the 
middle  of  the  English  word  vision.  GH  is  a  simple  sound, 
used  in  German,  but  not  ia  English. 

6'.  Shaking  the  approaching  parts  in  the  three  positions. 
We  thus  make  vibratory  sounds,  of  which  the  middle  position 
gives  the  common  E, — the  only  one  of  them  used  in  England. 
Some  bad  speakers  of  English,  however,  make  the  labial  vibra- 
tory by  shaking  the  P  in  such  words  as  property  ;  and  many 
use  the  guttural,  which  is  the  burr  of  Northumberland,  and 
the  common  affectation  in  the  Parisian  speech  caRed  parler 
gras,  or  grasseyer. 

TABLE  OF  ARTICULATIONS. 


Labial. 

Palatal. 

Guttural. 

P 

T,  L 

K 

Mute. 

B 

D 

G 

Semimute. 

M 

N 

ng,  m 

Semivowel  or  nasal. 

F 

th,  s,  sh 

ch,  H 

Aspirate. 

V 

th,  z,  J 

Vocal  aspirate. 

pr 

R 

ghr 

Yibratory. 

Additional  Bemarlcs. 

The  sound  of  H  does  not  belong  to  any  of  the  three  positions  ; 
and,  indeed,  is  merely  a  forcible  passing  of  the  breath  through 
the  back  part  of  the  mouth  or  throat. 

CH,  in  such  words  as  clmin,  means  T  before  SH. 

J,  as  heard  in  the  English  word  John,  is  a  compoimd  sound, 
■viz.  D  before  the  simple  J  of  the  Table,  which  is  S  of  vision. 

LL.  The  liquid  or  double  LL  of  the  French,  as  heard  in  the 
word  paille,  is  merely  L  with  the  letter  T  begun  to  be  pro- 
nounced after  it.    It  is  heard  in  the  English  word  billiard 
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and  hahjard,  and  would  be  their  terminating  liquid  were  the 
syllable  ard  not  pronounced. 

GN.  The  soft  GN  of  the  Italians  and  French  is  the  Enghsh 
N  with  Y  begun  to  be  pronounced  after  it.  It  is  heard  in  our 
word  tan-yard  ;  and  in  the  Italian  words  pegno,  hagnio  ;  and 
in  the  French  word  craignent. 

C  in  English  stands  always  either  for  S  or  K,  as  in  the 
words  certain  and  car,  and  has  no  sounds  proper  to  itself. 

Q,  expresses  a  compound  sound,  viz.  of  the  letter  K  with  U 
following  it. 

The  consonants  are  best  heard  by  sounding  them  with  voice 
before  them  ;  that  is  to  say,  by  making  them  rather  terminate 
a  syllable  than  begin  it ;  pronouncing  B,  D,  G  thus,  eh,  ed,  eg, 
rather  than  their  conimon  alphabetical  names,  he,  de,  ge. 

The  labial  sounds  may  be  made  either  by  the  two  lips,  or  by 
one  lip  and  opposite  teeth. 

F  may  be  pronounced,  for  instance,  by  the  lips  only,  or  by 
the  lips  and  teeth  ;  and  some  persons  awkwardly  make  it  by 
the  under  teeth  and  upper  lip. 

The  letters  T  and  I,  in  most  modem  languages,  stand  for 
nearly  the  same  sound.  In  English,  for  instance,  hulUon  and 
minion  might  be  written  hulhjon  and  minyon  without  suggest- 
ing a  change  of  pronunciation.  In  the  words  yard,  you,  yes, 
♦fee,  the  Y  is  a  short  I,  very  closely  joined  to  the  following 
syllable. — W  is  also  thus  a  short  U,  as  perceived  in  the  worc^ 
war,  we,  &c. 

"  E)'  language  fathers  have  communicated  their  gathered 
observations  to  their  children ;  and  these  again,  with  gradual 
accumulations,  to  new  descendants ;  and  when,  after  many 
ages,  the  precious  store  had  increased  until  the  simple  powers 
of  memorj-  could  retain  no  more,  the  art  of  writing  arose, 
making  language  v-isible  and  permanent,  and  enlarging  without 
limits  the  receptacles  of  wisdom  ;  and  then  the  art  of  printing 
came,  to  roll  the  still  swcUing  flood  of  knowledge  into  every 
hamlet  and  every  hut.  Language  thus,  at  the  present  moment 
of  the  M'orld's  existence,  may  be  said  to  bind  the  whole  human 
race  of  uncounted  millions  into  one  gigantic  rational  being, 
whose  memory  reaches  to  the  beginning  of  written  record,  and 
retains  imperishably  the  important  events  that  have  occurred ; 
whose  judgment,  analysing  the  treasures  of  memory,  has 
already  discovered  many  of  the  sublime  and  unchanging  laws 
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of  nature,  and  has  built  on  them  the  arts  of  life,  and  through 
them,  piercing  far  into  futurity,  sees  distinctly  events  that  are 
to  come ;  and  whose  eyes  and  ears  and  obsei-vant  mind,  at  this 
moment,  in  eveiy  comer  of  the  earth,  are  watching  and  re- 
cording new  phenomena,  for  the  pui-pose  of  still  better  com- 
prehending the  magnificence  and  simplicity  and  beauty  of 
creation." — Dr.  Arnott. 


CHAPTER  YIII. 

HEAT. 

Nature  of  Heat. 

Heat,  as  well  as  light  and  electricity,  is  called  an  Uivponderahle 
agent,  because,  whether  material  or  not,  it  is  certain  that  it 
has  no  weight.  A  body  which  is  warm  (i.  e.  under  the 
influence  of  heat)  is  neither  heavier  nor  lighter  than  one 
which  is  cold.  Heat  is  also  called  calonc.  Lilce  light,  it  is 
Citable  of  being  radiated  from  a  centre,  of  being  reflected  in 
straight  lines  from  certain  surfaces,  and  transmitted  by  certain 
media.  It  differs  fi'om  light  in  its  power  of  entering  into 
combination  with  material  bodies.  It  causes  them  to  become 
wann  or  not  to  the  sense  of  touch,  in  various  degrees,  according 
to  the  amount  of  heat  present.  At  the  same  time  it  increases 
the  distance  between  the  particles  of  the  body,  causing  them 
to  repel  each  other,  or,  as  some  have  supposed,  insinuating 
itself  between  them,  and  actually  itself  occupying  space.  Not 
"uly  does  heat  separate  the  molecules  of  a  body,  and  thus 
ause  it  to  occupy  a  greater  space  than  before,  but  it  loosens 
their  mutual  adhesion,  so  that  under  this  influence  a  solid 
becomes  a  liquid,  and  a  liquid  becomes  a  vapour  or  a  gas.  It 
also  promotes  chemical  change.  It  may  cause  the  combination 
of  elements  that  are  apt  to  combine,  as  when  the  carbon  of 
wood  combines  with  the  oxygen  of  the  air,  the  wood,  by  the 
removal  of  this  carbon,  being  burnt  or  destroyed ;  or  it  may 
-imply  separate  elements  previously  united,  as  when  the  oxygen 
i.s  driven  off  by  heat  fi'om  the  oxide  of  a  metal. 

Light  afiects  only  the  sense  of  vision.  Heat  acts  on  the 
sense  of  touch  or  feeling,  causing  to  the  skin  a  sensation  of 
warmth  or  burning. 

Heat  may  therefore  be  defined  as  follows : — an  agency  (or 
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matter)  that  produces  expansion,  weakens  cohesion,  promotes  j 
chemical  change,  and  is  recognized  by  the  sense  of  feeling.  ! 

On  attempting  to  go  further,  wo  find  ourselves  at  a  stand- 
still. What  is  heat  ?  And  first,  is  it  material  or  immaterial '? 
Its  being  so  potent  a  cause  of  expansion,  has  led  to  the  beUci 
that  it  is  a  material  agent  of  extreme  tenuity,  possessed  ot 
indefinite  powers  of  self-repulsion,  so  that  it  pushes  asunder 
the  particles  of  a  body  just  in  proportion  to  the  degree  in 
which  it  exists  in  that  body.  It  exists  to  some  extent  in  all 
substances,  and  may  be  eliminated  or,  as  it  were,  squeezed  out 
of  them  by  friction  or  compression.  The  savage  inflames  two 
dry  sticks  by  rubbing  them  together,  and  Count  Eumford 
caused  water  to  boil  by  boring  metal  beneath  its  surface. 
Heat  becomes  combined  with,  matter,  and  dificrs  thus  essen- 
tially from  light,  which  erases  to  be  evident  when  the  radiating 
source  is  cut  olT.  Light,  when  absorbed,  is  lost ;  heat,  when, 
absorbed,  continues  active.  Heat  is  generally  known  in  com- 
bination with  matter ;  yet,  like  light,  it  radiates  through  a 
vacuum,  and  must  therefore  have  an  independent  existence. 

The  arguments  against  the  materiality  of  heat  are  stronger 
tlian  those  in  its  favour.  It  is  imponderable.  It  is  transmitted 
b}''  radiation,  in  the  manner  of  forces,  and  of  light,  an  influence 
having  the  nature  of  a  force.  It  is  very  frequently  accom- 
panied by  light,  as  in  the  heat  of  the  sun,  ordinary  combustion, 
and  the  electric  spark ;  and  light  is  now  generally  supposed  to 
be  immaterial.  Like  light,  it  is  reflected  only  by  certain 
surfaces,  and  transmitted  only  by  certain  media.  Light  is 
conceived  to  consist  of  lines  of  rapid  vibration  in  the  particles 
of  an  imponderable  jliiid  (or  "  cether  ")  wliidi  pervades  atl  space. 
Heat  may  thus  consist  of  another  kind  of  vibrations  in  the 
same  particles.  If  so,  these  vibrations  must  be  of  such  a 
nature  as  to  cause  the  particles  of  matter  to  fly  asunder, 
producing  repulsion.  Besides  this,  they  must  be  permanent 
vibrations,  motions  which  never  cease.  Heat  remains  com- 
bined with  matter,  and  light  ceases  when  a  ray  is  cut  off.  A 
sonorous  body  cannot  resound  for  ever  of  its  own  accord,  but 
the  heat  vibrations  in  all  bodies  must  continue  without  limit 
until  transferred  by  contact  with  another  body,  or  by  radiation.  | 
All  heated  matters  lose  heat  by  conduction  (contact)  or  radia- 
tion, until  an  equilibrium  of  temperature  is  obtained.  Hot 
water  in  an  apartment  cools  gradually  to  the  temperature  of  j 
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the  room.  The  earth  at  night  loses  much  of  the  heat  it  has 
ahsorbed  by  day,  by  radiation  into  the  cooler  atmosphere. 
This  cooling  may  go  on  at  the  pole  till  the  earth  has  fallen  to 
the  temperature  of  the  planetary  space.  The  hand  laid  on 
marble  or  cold  steel,  at  once  loses  heat  by  conduction, — ^it  feels 
cold.  Cold  is  the  compai-ative  absence  of  heat.  Heat  is  never 
absolutely  absent  from  anything.  There  is  no  known  limit  to 
the  degree  of  cold  which  may  be  produced.  The  feeling  of 
warmth  is  the  communication  of  heat  to  the  skin  from  a  sub- 
stance warmer  than  itself.  Either  heat  or  cold,  beyond  a 
certain  point,  would  cause  destruction  of  tissue  and  of  life, — 
heat,  by  burning  and  decomposing;  cold,  by  contracting  or 
freezing. 

The  transference  of  heat  from  one  body  to  another  is  caused 
simply  by  a  general  tendency  to  an  equilibrium,  or  identity  of 
temperature  in  all  matter ;  but  no  substance  ever  cools  down 
to  such  a  point  as  to  be  entirely  devoid  of  heat. 

Heat  is  thus  a  radiating  force  which  resembles  light  in 
many  respects,  but  differs  from  it  in  its  permanency,  or  power 
of  combining  with  matter.    The  theory  of  heat  which  we  have 
I  ventured  thus  dubiously  to  announce,  was  carried  out  in  a  more 
i ;  positive  manner  by  the  illustrious  Sir  Humphry  Davy,  who 
:  attributed  the  permanence  of  heat  to  the  existence  of  heat- 
vibrations  in  the  solid  particles  of  matter  itself.    He  remarks, 
■  *'  The  immediate  cause  of  the  phenomena  of  heat  is  motion ; 
J  and  the  laws  of  its  communication  are  precisely  the  same  as 
1  the  laws  of  the  communication  of  motion.    Since  all  matter 
]  may  be  made  to  fill  a  smaller  volume  by  cooling,  it  is  evident 
t  that  the  particles  of  matter  must  have  space  between  them ; 
I  and  since  every  body  can  communicate  the  power  of  expansion 
I  to  a  body  of  a  lower  temperature,  that  is,  can  give  an  expansive 
I  motion  to  its  particles,  it  is  a  probable  inference  that  its  own 
[  particles  are  possessed  of  a  motion ;  but  as  there  is  no  change 
i  in  the  position  of  its  parts  as  long  as  its  temperature  is  uniform, 
tthe  motion,  if  it  exists,  must  be  a  vibratory  or  undulatory 
>  motion,  or  a  motion  of  particles  round  their  axes,  or  a  motion 
fof  particles  round  each  other.    Again,  it  seems  possible  to 
k  account  for  all  the  phenomena  of  heat,  if  it  be  supposed  that 
nin  solids  the  particles  are  in  a  state  of  vibratory  motion,  the 
I  particles  of  the  hottest  moving  with  the  greatest  velocity,  and 
i  through  the  greatest  space ;  that  in  liquids  and  elastic  fluids, 
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besides  the  vibratory  motion,  which,  must  be  conceived  g-reatc- 
in  the  last,  the  particles  have  a  motion  round  their  own  axf  , 
with  different  velocities,  and  separate  from  each  other,  pene- 
trating through  right  lines.    Temperature  may  be  conccivi 
to  depend  upon  the  velocities  of  the  vibrations,  increase  < 
capacity  on  the  motion  being  performed  in  greater  space  ;  aii  l 
the  diminution  of  temperatm'c  during  the  conversion  of  soli' 
into  fluids  or  gases  may  be  explained  on  the  idea  of  the  loss 
vibratory  motion,  in  consequence  of  the  revolution  of  particls 
round  their  axes,  at  the  moment  when  the  body  becomes  liqui '  I 
or  uniform  ;  or  from  the  loss  of  rapidity  of  vibration  in  cons' 
quence  of  the  motion  of  the  particles  through  greater  space. 
It  must  be  observed  that  Locke,  before  Davy,  considered  heat 
to  be  a  "  motion  or  brisk  agitation  of  the  insensible  parts  of 
an  object." 

That  heat,  though  so  often  connected  with  light,  is  not  a 
mere  variety  of  the  same  force,  seems  to  have  been  proved  by 
Melloni,  who  has  effected  a  distinct  separation  between  them. 
A  plate  of  obsidian  or  black  mica  allows  heat  to  pass  freely 
through  it,  but  scarcely  any  light ;  whereas  a  peculiar  kind  of 
green  glass,  brushed  on  one  side  with  a  solution  of  alum, 
permits  the  passage  of  light,  but  not  of  heat.  By  certain 
coloui'od  solutions,  similar  results  may  be  obtained. 

Sources  of  Heat. 

The  sun  is  the  great  source  of  heat.  Heat  reaches  us  from 
the  Sim  by  radiation  with  the  same  rapidity  as  light,  which  it 
accompanies.  The  earth,  when  removed  more  or  less  from  the 
Sim's  influence,  as  in  winter  or  at  the  Pole,  becomes  cold,  and 
loses  its  own  heat  by  radiation  into  space.  "WTien  the  ray  of 
light  in  the  sunbeam  is  decomposed  by  the  prism  into  its 
component  parts,  it  is  found  that  the  greatest  degree  of  heat 
coincides  with  the  red  ray,  and  extends  beyond  it,  the  ray  nf 
heat  transcending  considerably  the  limits  of  the  ray  of  light. 

The  earth  itself  is  a  second  source  of  heat.  The  great  inte- 
rior mass  of  our  planet  is  believed  to  be  in  a  state  of  fiery 
ignition,  consisting  of  a  liquid  mass  of  molten  roclc  such  as  is 
occasionally  ejected  from  the  mouths  of  volcanoes.  However, 
the  solid  crust  of  the  earth,  which  is  many  miles  in  thickness, 
is  so  bad  a  conductor  of  heat,  as  to  prevent  this  high  tempei 
ture  of  the  interior  from  producing  much  eff'ect  at  the  surfa(  t 
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Fricti07i  and  compression  are  a  cause  of  heat.  AVlion  the 
particles  of  matter  are  brought  into  closer  contact,  heat  is 
eliminated  from  them.  When  they  arc  separated  or  expanded, 
heat  is  absorbed  from  surrounding  bodies.  Compressed  air 
gives  out  great  heat ;  on  being  again  allowed  to  expand,  it 
produces  cold  (i.  e.  absorbs  heat).  Pieces  of  wood,  rubbed 
together,  may  bum,  from  the  compression  of  the  superficial 
particles.  A  metal  button,  rubbed  briskly  on  a  piece  of  cloth, 
becomes  soon  too  hot  to  be  held.  Count  Rumford  caused 
Avatcr  to  boil  by  the  friction  produced  in  boring  a  brass  cannon. 
A  coin  just  struck  with  the  die  is  intensely  hot.  A  heated 
piece  of  iron  may  be  hammered  up  to  a  white  heat  by  the 
blacksmith.    Heat  in  all  these  cases  results  from  compression. 

Chemical  action  is  a  source  of  heat.  The  artificial  heat 
which  protects  us  from  the  cold  of  winter  is  derived  from 
combustion.  Combustion  is  simply  the  rapid  oxidation  (com- 
bination with  the  oxygen  of  air)  of  the  carbon  and  hydrogen 
which  exist  in  organic  bodies.  Combustion  gives  out  light  as 
well  as  heat.  A  body  may  be  heated  to  a  considerable  extent 
I  without  evolving  light,  but  heat  is  usually  accompanied  by 
light  as  soon  as  the  substance  has  reached  the  temperature  of 
about  1000°  of  Fahrenheit's  thermometer.  When  this  evolu- 
tion of  heat  and  light  is  accompanied  bj  oxidation,  the  process 
is  called  combustion.  When  there  is  no  oxidation,  it  is  called 
ignition,  as  seen  in  iron  at  a  white  heat. 

Any  chemical  combination  which  produces  condensation, 
will  also  cause  heat.  A  familiar  example  of  this  occurs  when 
oil  of  vitiiol  is  mixed  with  water,  the  two  liquids  when  together 
occupying  a  smaller  space  than  tliey  did  when  separate. 

Electric  action  is  another  source  of  heat.    When  an  electric 
current  suddenly  overcomes  an  obstacle,  as  passing  from  one 
conductor  to  another  through  the  air,  heat  and  light  are 
i  developed  in  the  electric  spark  ;  or  when  it  passes  through  a 
'  conducting  medium  which  offers  much  resistance  to  its  passage, 
heat  may  be  produced,  as  seen  in  the  incandescence  of  a  thin 

•  platinum  wire,  which  may  even  be  melted  by  the  current  of  a 
;.  powerful  battery.  By  causing  the  current  to  pass  between 
<  charcoal  points  terminating  the  wires  of  a  galvanic  battery,  the 

•  electric  light  is  produced.  By  the  spark  of  a  discharge,  such 
1  heat  is  procured  as  will  suffice  to  ignite  gunpowder,  to  ex- 
f  plode  a  mine  under  the  earth,  or  Tinder  water.    Thus  under 
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certain  circumstances,  electricity  produces  heat ;  under  certain 
others,  heat  will  produce  electricity ;  there  must  therefore  he 
some  analogy  between  these  agencies,  as  well  as  between  heat 
and  light. 

Vital  action  is  sometimes  enumerated  as  a  cause  of  heat. 
It  is  probable,  however,  that  all  the  heat  of  the  animal  frame^ 
depends  on  the  continual  combustion  in  a  slow  manner  of  cer- 
tain elements  of  the  food  by  means  of  oxygen  received  into 
the  system  from  the  air  inhaled  in  the  process  of  respiration. 
Some  suppose  that  heat  is  evolved  by  nervous  (as  well  as  by 
electrical  action.  The  human  body  and  that  of  quadrupeds  is 
maintained  continually  at  the  temperature  of  98° — 100°.  The 
body  of  a  bird  may  be  at  120°. 

There  is  a  mutual  relation  between  heat  and  life.  Heat 
causes  life,  and  hfe  produces  heat.  Without  a  certain  tempera- 
ture, seeds  do  not  germinate,  eggs  are  not  hatched,  plants  and 
animals  die.  Animals  manufacture  their  own  heat.  Plants 
cannot  do  this,  they  depend  on  the  world  around  them ;  in 
winter  they  perish  or  are  dormant.  The  returning  heat  of 
spring,  recalling  them  to  life,  clothes  the  woods,  and  fills  the 
fields  with  plenty.  Heat  is  employed  by  man  for  his  own 
purposes ;  it  produces  expansion,  and  is  his  great  source  of 
motion  and  power.  It  renders  metals  tractable,  so  that  he 
moulds  and  works  them  to  his  will ;  by  its  agency  hard  organ- 
ized substances  are  softened,  and  rendered  fit  for  himian  food. 
In  the  absence  of  heat,  aU  is  sterility,  solidity,  and  silence ; 
nature  ceases  from  her  works,  and  slumbers  in  a  sleep  as  of 
death. 

Hccpansion  caused  hy  Heat. 

Heat  is  the  direct  antagonist  of  the  cohesive  force  in  matter. 
It  causes  the  particles  to  separate,  so  that  the  body  which  con- 
sists of  them  is  both  rendered  less  fii'm  and  colierent,  and  occu- 
pies a  greater  space.  If  not  decomposed,  a  solid  is  transformed 
by  heat  into  a  liquid,  and  the  liquid,  at  a  still  higher  tempera- 
ture, becomes  a  gas  or  vapour.  But  even  without  this  change 
in  its  essential  form,  the  substance  heated  undergoes  expansion. 
A  closed  bladder  wiU  burst  if  heated,  by  the  expansion  of  the 
air  within  it.  The  expansive  force  of  the  vapoui*  of  water  is 
well  known.  Liquids  expand  as  well  as  gases.  If  a  narrow 
tube  be  fitted  to  a  flask  full  of  water,  and  heat  be  applied  to 
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the  flask,  the  water  will  gradually  rise  in  the  tube.  The 
gradual  expansion  by  heat  of  the  fluid  metal  mercury  supplies 
us  with  that  valuable  instrument,  the  mercurial  thermometer. 
Thermometers  may  also  be  made  of  air  or  water,  both  of  Avhich 
expand  pretty  equally  for  equal  increments  of  heat.  If 
heated  from  the  temperature  of  ice  to  that  at  which  water 
boils,  1000  parts  of  mercury  measure  1018  parts,  of  water 
1045,  of  oil  1095,  and  of  alcohol  1100.  Here  the  Lightest  and 
least  coherent  Hquids  expand  the  most. 

Solids  likewise  expand  with  heat.  In  those  which  easily 
melt,  in  compressible  materials,  and  in  substances  Like  wood, 
which  are  decomposed  by  a  high  temperature,  this  increase  in 
bulk  is  not  easily  measured.  But  in  metals,  which  are  firm, 
and  bear  a  high  heat  without  fusing,  it  is  readily  appreciated. 
The  expansion  of  iron  by  heat  is  demonstrated  in  a  very 
simple  manner :  c  ah  (fig,  157)  is  a 
gauge  into  which  the  piece  of  iron  a 
fixed  to  a  handle,  when  cold,  fits  easily 
into  the  part  cut  out  at  the  edge  ;  but 
when  a  is  heated,  from  its  then  ex- 
panded state,  it  will  not  pass  into  the 
open  part ;  /  is  a  circular  rod  of  iron, 
and  freely  passes  into  the  holes  6  c 
when  cold ;  but  on  being  heated,  it  is 
1  found  then  to  be  too  large  for  the  holes. 

Heated  to  the  same  extent  as  above  mentioned,  the  following 
metals  expand  in  different  degrees,  to  which  the  ratio  sub- 
j  joined  will  be  an  approximate  guide : — 


Fig.  157. 
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Taking  advantage  of  the  knowledge  obtained  by  the  inves- 
tigations which  have  been  very  carefulLy  made  into  the  laws  of 
expansion  in  bars  of  metals,  we  have  been  enabled  to  give  a 
constancy  to  the  lengths  of  the  pendulum ;  every  variation  in 
.'  the  length  of  which  produces  a  corresponding  variation  in  its 
•.rate  of  oscillation.     Compensation  pendulum,s,  as  they  are 
r.  called,  are  variously  made ;  the  most  common  form  being  the 
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gridiron  pendulum.  In  this,  the  main  rod  is  of  iron,  and  tli- 
inner  ones  of  zinc  or  brass.  As  the  expansion  of  zinc  exceed 
that  of  iron,  the  bars  are  made  unequal ;  and  such  a  relation 
is  estabHshed  between  them,  that  the  elevation  of  one  exactlj- 
counterbalances  the  depression  of  the  other.  The  mercurial 
compensation  pendulum  is  another  form,  in  which  the  same- 
kind  of  compensation  is  effected  by  means  of  fluid  mercuiy  and 
iron. 

The  expansion  and  contraction  of  iron  is  exemplified  ii 
Hungerford  Suspension  Bndge,  which  crosses  the  Thames  witi 
a  span  of  1352  feet  in  length  ;  the  height  of  this  chain  road- 
way varies  in  the  hottest  day  of  summer  and  the  coldest  in 
winter  to  the  extent  of  eight  inches.    Due  allowance  has  beei 
made,  in  laying  down  railroads,  for  the  expansion  and  con- 
traction of  the  iron  rails.    The  steeple  of  the  first  Bow  Church, 
in  Cheapside,  London,  was  fastened  together  with  iron  by  the 
architect,  and  the  consequence  was,  that  the  alternate  expansion 
and  contraction  of  the  iron- work  which  took  place  from  the 
changes  of  temperature  of  the  atmosphere,  so  loosened  the 
masonry  that  the  bells  were  for  many  years  silent. 

We  know  from  every- day  experience  the  effect  produced  by 
heat  and  cold  on  the  strings  of  a  pianoforte,  the  iron  gates  of 
a  mansion,  and  the  bell- wires  of  a  house  ;  we  hear  too,  some- 
times, of  the  iron  girders  and  pillars  used  in  buildings  bringing 
down  the  entire  fabric  by  their  change  of  length. 

Other  familiar  phenomena  are  due  to  the  expansion  caused 
by  heat.  Doors  and  windows  that  fitted  loosely  in  the  winter, 
may  become  tight  in  the  siimmer.  A  thick  glass  vessel  wiU 
break  when  hot  water  is  poured  into  it,  as,  the  glass  being  a 
bad  conductor  of  heat,  the  inner  layer  expands  before  the  outer 
has  had  time  to  do  so.  A  thin  glass  will  escape,  as  it  is  heated 
through  immediately. 

Of  ciystals,  when  heated,  it  is  remarkable  that  they  fre- 
quently expand  in  one  direction  (that  of  one  of  theii-  axes) 
more  than  in  another.  Water  presents  us  with  an  extraordi- 
naay  exception  to  the  usual  effects  of  heat  and  cold.  Nearly 
down  to  the  freezing-point  it  goes  on  regularly  contracting, 
but  on  becoming  ice  it  expands,  and  occupies  more  space  than 
when  in  the  liquid  form.  Ice,  when  first  melted  by  heat,  does 
not  expand,  but  positively  contracts.  It  constitutes  a  most 
important  exception  to  a  rule  that  is  almost  universal. 
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The  same  poAver  by  which  it  separates  and  drives  asunder 
the  atoms  of  simple  bodies,  causes  heat  to  be  a  powerful  agent 
in  promoting  chemical  decomposition.  This  has  already  been 
instanced  in  the  iurninr/  of  organic  substances.  Most  mineral 
or  inorganic  compounds  are  in  the  same  manner  decomposed  by 
heat,  though  they  require  a  higher  temperature  for  the  pm-pose. 
Even  water,  which  is  converted  by  heat  into  steam,  may  be 
decomposed  into  its  two  gaseous  elements  by  an  intense  heat 
instantaneously  brought  into  action.  This  has  been  shown  by 
some  recent  experiments  of  Mr.  Grove.  If  platinum  wire  be 
fused  by  the  blowpipe  and  the  globule  allowed  to  fall  into 
water,  bubbles  of  oxygen  and  hydi'ogen  form  together  with 
steam,  and  may  be  collected  in  a  glass  tube  as  they  rise.  The 
same  effect  is  produced  by  the  electric  spark,  or  by  a  fine  piece 
of  platinum  -wire  connected  at  each  end  with  one  pole  of  a 
battery,  so  as  to  become  incandescent. 

The  most  simple  form  of  the  experiment  is  as  follows : 
A  tube  (of  the  form 
of  Volta's  eudio- 
meter, ha\ing  a 
curved  piece  of  pla- 
tinum wire  sol- 
dered into  it  above) 
being  filled  with 
water,  is  placed  in 
an  inclined  posi- 
tion, and  the  flame 

of    a  spirit-lamp  

made  to  play  upon  Tig.  158. 

its  upper  part,  until  a  portion  of  it  is  converted  into  steam ; 
contact  is  then  made  between  the  bafttery  and  the  wire ;  and, 
as  the  wire  becomes  instantly  white  hot,  the  decomposition  is 
effected,  and  a  bubble  of  mixed  gas  formed.  This  bubble 
appears  to  be  fonned  by  the  first  action  ;  for,  however  long  the 
operation  may  be  continued  with  the  same  steam,  no  further 
decomposition  resxdts :  remove  the  lamp,  and  allow  the  water 
again  to  fill  the  tube,  and  again  convert  some  of  it  into  steam, 
and  another  bubble  may  be  formed.  The  experiment  was 
tried  under  a  difi'erent  form,  and  the  same  result  produced  by 
the  electrical  si)ark,  to  the  heat  of  which  alone  Mr.  Gro\-e 
thinks  the  decomposition  of  the  water  is  due. 

k2 
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Measurement  of  Heat. 

Any  one  solid  or  fluid,  when  raised  from  one  particular  tem- 
perature to  another,  will  always  undergo  the  same  amount  of 
expansion.  If  a  certain  increment  of  heat  cause  it  at  one- 
time to  enlarge  in  bulk  to  the  extent  of  yuVtr^^  part,  the  same 
increment  will  enlarge  it  to  the  same  extent  at  any  other  time. 
Depending  on  this  uniformity  of  effect,  we  obtain  in  the  ex- 
pansion of  a  body,  a  simple  mode  of  measuiing  heat.  In 
measuring  a  moderate  degree  of  heat,  we  make  use  of  a 
liquid  which  expands  with  readiness,  and  can  be  easily 
measured.  Such  a  liquid,  enclosed  in  the  proper  apparatus 
for  measuring  it,  forms  the  instrument  called  the}moineter,  or 
heat-measurer. 

To  measure  a  high  degree  of  heat,  as  that  of  a  furnace,  we 
cannot  employ  a  liquid,  which  would  be  at  once  dissipated  into 
vapour ;  we  make  use  of  some  solid  which  has  a  great  power 
of  withstanding  heat,  as  clay  or  platinum.  Such  an  instru- 
ment is  called  a  pyrometer,  or  fire-measurer. 

The  earKest  thermometer  was  constructed  towards  the  middle 
of  the  17th  century  by  the  Florentine  academicians.  It  con- 
sisted of  a  glass  tube,  terminating  in  a  bulb  or  hollow  ball, 
at  the  lower  end.  The  ball  and  tube  were  fiUed  to  a  certain 
point  with  spirit  of  wine,  the  expansion  or  contraction  of 
which,  measured  by  degrees  marked  on  the  tube  with  white 
enamel,  afforded  a  tolerably  exact  index  of  the  changes  in 
temperature  of  the  atmosphere  around  the  bulb.  This  spirit 
thermometer  was  introduced  into  England  by  Boyle.  The 
glass  tube  may  be  sealed  at  the  upper  end,  and  the  air  con- 
fined submits  to  compression  when  the  fluid  expands. 

Take  a  sfardlar  tube,  with  the  end  unsealed,  and  when  full 
of  air  only,  plunge  the  open  end  downwards  into  some  coloured 
liquid,  and  an  air  thermometer  is  formed.  The  whole  being 
fixed  in  this  position,  a  scale  is  adjusted  behind  the  tube.  The 
expansion  of  the  air  in  the  bulb  and  tube  will  drive  out  the 
liquid  in  warm  weather,  and  in  cold  weather  its  contraction 
wiU  draw  the  coloured  water  to  a  certain  height  up  the  tube. 
As  the  air  readily  expands,  this  instrument  is  very  sensitive  : 
but  it  is  not  very  accurate,  and  can  only  be  employed  to  indi- 
cate slight  variations  in  temperature.  The  chief  cause  of  error 
is  the  varying  pressure  of  the  atmosphere  on  the  surface  of  the 
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fluid  in  the  vessel  below.  In  Leslie's  differential  thermometer 
this  disturbing  influence  is  excluded.  This,  however,  can  only 
be  used  for  a  special  purpose.  Two  bulbs  and  tubes  are 
arranged  parallel  to  one  another,  and  the  tubes  connected  by 
a  cross  one  below,  which  is  fixed  to  a  stand.  The  cross  tube 
and  about  half  of  each  of  the  vertical  tubes,  are  filled  with  the 
coloured  water.  The  amount  of  air  is  the  same  on  each 
side.  If  both  bulbs  are  at  the  same  heat,  the  liquid  is  at 
the  same  height  in  the  tubes.  If  one  be  warmer  than  the 
other,  the  air  expands,  and  presses  the  liquid  towards  the 
other  bulb.  Thus  the  liquid  indicates  only  any  difference 
in  temperature  between  the  two  bulbs,  and  the  instrument 
is  employed  in  certain  delicate  experiments  to  be  mentioned 
presently. 

Fahrenheit,  the  Dane,  about  the  commencement  of  the  18th 
century,  introduced  mercury  as  a  means  of  measuring  heat ; 
and  as  this  liquid  metal  expands  moderately  but  uniformly  for 
equal  increments  of  heat,  a  great  improvement  was  effected  by 
its  use.  In  the  first  mercurial  thermometers  constructed,  a 
great  want  was  perceived  of  some  fixed  points  from  which  to 
start  in  their  graduation.  Hooke  and  Newton  discovered  these 
fixed  points  in  the  fi'eezing-  and  boiling-points  of  water.  The 
exact  degree  to  which  the  mercury  contracted  when  the  bulb 
of  the  thermometer  was  kept  for  some  time  in  melting  ice  or 
freezing  water  (which  are  of  the  same  temperature),  formed  a 
point  from  which  to  start  below.  The  degree  to  which  it 
expanded  when  plunged  in  boihng  water,  formed  another  fixed 
point  above.  The  space  along  the  tube  between  these  two 
points  was  divided  by  Fahrenheit  into  180  degrees.  But  he 
did  not  make  the  freezing-point  his  zero — ^he  went  lower.  Salt 
mixed  with  snow  or  ice  sinks  to  a  certain  very  low  tempera- 
ture, which  is  foiind  to  be  invariably  the  same.  This  is  the 
zero  of  Fahrenheit's  thermometer.  The  space  between  this 
and  the  freezing-point  of  water  is  found  to  measure  32  of  the 
same  degrees  as  those  marked  off  between  the  freezing-  and 
boiHng-points ;  the  freezing-point  is  thus  marked  32°;  add 
180°  for  the  boiling-point,  and  we  have  212°.  Between  these 
!  there  are  frequently  marked  on  the  scale  other  points  more  or 
'  less  arbitrary.  At  56°,  temperate  heat ;  76°,  summer  heat ; 
'  98°,  blood  heat ;  112°,  fever  heat.  The  mercurial  thermometer 
!  may  be  further  graduated  so  as  to  measure  degrees  of  heat  above 
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the  boiling-point  of  water,  as  high  as 
600°,  or  to  the  boiling-point  of  mercury. 

It  is  a  matter  to  be  much  regretted 
that  different  thermometric  scales  are  in 
use  in  different  countries.    The  ther- 
mometer of  Eeaumur,  that  called  Centi- 
grade, and  that  of  De  Lisle,  are  all  used 
on  the  Continent.  Eeaumur  commences 
his  scale  at  0,  which  he  makes  the  free- 
zing-point, and  divides  up  to  boiling-point 
into  80  equal  parts.    The  Swedish  ther- 
mometer, called  the  Centigrade,  divides 
the  space  between  the  two  points  into 
100  exact  parts  or  degrees.    As  some- 
times the  one  scale  and  sometimes  the 
other  is  given,  it  is  well  to  know  how  to 
compare  them  with  that  ^dth  which  we  I 
are  best  acquainted ;  therefore  to  change 
Fahrenheit's  into  Reaumur's  scale,  mul- 
ti])ly  the  number  of  degrees  above  or 
below  32  by  4,  and  divide  by  9.  To 
•  change  Reaumur's  into  Eahrenheit's 
scale,  multiply  the  degree  by  9,  divide 
by  4,  and  add  32.    To  change  Fahren- 
heit into  the  Centigrade,  multiply  the 
degrees  above  or  below  32  degrees  by 
5,  and  divide  by  9.   To  change  the  Cen- 
tigrade into  Fahrenheit,  multiply  by  9, 
di^^de  by  5,  and  add  32. 

England,  Holland,  and  North  America 
adopt  Fahrenheit's  scale  ;  Sweden,  Cel- 
sius's Centigrade  ;  and  France  and  Ger- 
many, Reaumur's  or  the  Centigrade 
scales.  Fig.  159  shows  the  three  scales 
of  the  thermometer. 

The  utmost  extent  of  the  mercui'ial 
thermometer  is  within  the  points  at 
which  quicksilver  boils  and  freezes ;  that 
is,  as  high  as  600  and  as  low  as  40° 
below  0  ;  consequently  the  thermometer 
in  extent  can  range  640°. 
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In  constructing  a  thermometer,  it  is  necessary  to  seal  the 
upper  end  of  the  tube ;  but,  before  doing  this,  the  air  con- 
tained in  it  above  must  be  completely  expelled,  else  its  con- 
ti*actions  and  expansions  would  materially  interfere  with  the 
indications  derived  from  the  mereuiy.    The  instrument  is  made 
in  the  following  manner : — A  tube  of  glass  being  procuj-ed, 
having  a  very  regular  but  extremely  small  bore,  one  end  is 
blown  out  to  a  bulb,  the  diameter  of  which  is  made  large 
comparatively  to  the  diameter  of  the  tube.   The  bulb  and  stem 
is  then  heated  to  expand  the  air  within  it,  after  which  the 
open  end  is  quickly  jjlnnged  into  a  basin  of  mercni'y.  The 
:  glass  then  being  permitted  to  cool,  the  internal  air  contracts, 
.  and  the  atmosphere  pressing  on  the  surface  of  the  mercury  in 
the  basin,  a  little  of  it  is  forced  up  the  tube.    A  small  quan- 
:  tity  of  mercury  being  thus  got  into  the  bulb,  the  mercury  is 

■  then  boiled  in  the  bulb,  which  expels  aU  atmospheric  air  and 
t  thoroughly  dries  the  tube.    The  open  end  is  plunged  again 

■  into  the  basin  of  mercury,  and  on  cooling  more  mercmy  enters 
.  and  quite  fills  the  thennometer.    The  open  end  is  then  drawn 

into  a  tine  capillary  tube,  the  mercury  in  the  tube  and  stem 
'  being  sHghtly  heated ;  as  it  cools,  the  tube  is  finally  sealed  by 
I  fusing  with  a  blovrpipe  the  open  end,  and  the  thermometer  is 
'  so  far  finished  as  to  be  ready  for  graduating. 

To  mark  the  freezing-point,  thermometers  are  first  placed 
"  upright  in  pure  melting  snow  or  ice ;  the  fluid  in  the  tube 
1  contracts  and  takes  up  a  settled  position,  to  which  on  every 
;  immersion  it  returns,  from  the  temperature  being  alwaj^s  the 
!•  same ;  but  if  marked  immediately,  and  some  months  after- 
■«  wards  again  tested,  it  will  be  found  from  one-half  to  two 
I  degrees  above  the  first  mark.  This  is  supposed  to  arise  from 
;  the  contraction  of  the  bulb,  which  is  gradually  brought  about 
f  from  the  constant  pressure  of  the  atmosphere ;  hence  twelve 
I  months  should  be  allowed  to  elapse  before  the  mark  is  perma- 
I  nently  decided  upon.  The  boiling-point  is  found  by  laying  the 
I  thermometer  in  the  steam  just  above  the  siirface  of  distilled 
I  boiling  water,  the  barometer  standing  at  30  inches,  until  the 
I  mercury  becomes  stationaiy ;  were  it  dipped  in,  as  the  heat 
I  decreases  with  the  depth,  it  would  not  be  accurate. 

For  all  ordinary  piu-poses  the  mercurial  thermometer  is 
f  found  to  answer  well ;  but  we  may  be  asked,  if  solids  are  also 
i  aflfected  by  changes  of  temperature,  must  not  the  glass  of 
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which,  the  thermometer  is  formed  also  vary  ?  This  certainly  is 
the  case ;  hut  so  sHghtly  as  to  give  a  degree  of  accuracy  to  be 
found  with  no  other  transparent  body  with  which  we  are 
acquainted. 

Mercury,  possessiag  a  uniformity  of  expansion,  is  found  the 
best  material  to  indicate  the  variations  of  temperature  by  any 
change  in  its  volume,  and  being  also  a  good  conductor  of  heat, 
is  constantly  used  for  thermometers. 

When  very  intense  degrees  of  cold  have  to  be  ascertained,  as 
mercury  freezes  at  40  degrees  below  the  zero  of  Fahrenheit, 
spirit  of  wine  coloured  red  is  used,  as  it  does  not  freeze  until  a 
cold  68  degrees  below  zero  exists.  This  fluid,  however,  would 
not  do  to  measure  heat,  as  it  boUs  at  172  degrees,  which  is 
considerably  less  than  the  boiling-point  of  water,  212  degrees. 
To  determine  very  high  temperatures,  as  mercury  boils  at  680 
degrees,  various  methods  are  adopted,  all  of  which,  however, 
are  diflS.cult  of  management. 

Before  speaking  of  these,  we  have  to  notice  some  modifica- 
tions of  the  thermometer  required  for  special  purposes. 

In  a  course  of  systematic  observations  of  the  temperature 
of  any  district,  or  season  of  the  year,  it  is  desirable  to  ascer- 
tain, with  as  much  certainty  and  as  little  trouble  as  possible, 
the  highest  and  lowest  points  to  which  the  mercury  rises  by 
day  or  sinks  by  night.  To  save  the  necessity  of  constant 
personal  observation,  an  instrument  is  constructed  that  ivill 
register  itself. 

Eutherford's  thermometer  consists  of  two  instruments 
placed  horizontally,  the  one  a  mercurial,  the  other  a  spirit 
thermometer  (fig.  160).  The 
upper  registers  the  maximum,  the 
lower  the  minimum  temperature 
that  has  occurred  between  two 
observations.    At  the  end  of  the  Fig.  160. 

mercurial  column  is  a  small  steel  pin,  which  is  pushed  for- 
wards by  the  mercury  when  expanding,  but  left  alone  when 
it  recedes.  The  end  of  this  pin  indicates  the  maximum  heat. 
In  the  spirit  is  placed  a  fine  piece  of  enamel  or  dark  glass, 
heavier  than  the  liquid  in  which  it  is  immersed.  The  spirit 
goes  on  contracting  even  at  an  extreme  degree  of  cold.  As  it 
contracts  it  draws  along  with  it  the  enamel  pin,  by  the  force 
of  adhesion.    But  as  it  expands  again,  it  readily  passes  by 
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the  enamel,  whicli  is  left  to  indicate  the  minimum  temperature, 
or  extreme  degree  of  cold.  An  adjustment  is  requisite  to 
prepare  the  instrument  for  the  next  observation.  The  steel 
pin  is  drawn  back  to  the  mercurial  column  by  means  of  a 
small  magnet  moved  along  the  glass  outside.  The  enamel  pin 
falls  to  the  end  of  the  spirit  column  ,on  slightly  inclining  the 
instrument. 

Six's  thermometer  combines  both  arrangements  in  the  same 
tube,  bent  twice  (fig.  161).  The  bulb  is  in  the  form  of  a  long 
cyKnder,  which  is  filled  with  spirit  of  wine,  and 
in  contact  with  a  portion  of  mercury,  occupying 
the  lower  part  of  the  tube ;  this  is  succeeded  in 
the  second  bend,  by  a  second  portion  of  spirit, 
above  which  is  a  bulb  containing  air.  The  mer- 
ciuy  carries  on  each  of  its  surfaces  an  index, 
which  is  retained  in  its  remotest  situation  by 
means  of  a  weak  spring.  By  the  expansion  or 
contraction  of  the  spirit  in  the  long  bulb,  the  mer- 
cury is  pushed  onwards  or  drawn  backwards,  and 
in  one  or  the  other  arm  are  thus  marked,  by  the 
steel  index,  the  extremes  of  heat  and  cold. 

This  instrument  is  not  to  be  depended  on  where 
great  accuracy  is  required;  the  spirit  does  not 
expand  quite  equally  for  equal  increments  of  heat ; 
and  the  expansions  and  contractions  of  the  mer- 
cury and  of  the  small  quantity  of  air  in  the  second 
bulb,  operate  as  disturbing  causes.  The  index  in 
this  instrument  and  in  Kiitherford's  is  liable  to  -^^S- 161. 
corrode,  or  to  become  fixed  from  other  causes ;  then  the  instru- 
ment will  of  course  not  act. 

Maximum  thermometers  of  greater  accuracy  have  been 
invented,  but  great  care  is  required  in  the  makmg.  Messrs. 
Negretti  and  Zambra  have  made  an  instrument  in  which 
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Fig.  162. — Negretti  and  Zambra's  Maximum  Thermometer. 

the  steel  index  is  dispensed  with.  A  smaU  piece  of  glass  is 
inserted  within  the  tube,  past  which  the  mercury  is  forced  in 
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its  expansion,  but  cannot  repass  in  its  contraction.  The  end 
of  the  column,  therefore,  gives  the  required  reading,  as  the 
contraction  of  the  mercury  takes  place  within  the  space  below 
the  bend  of  the  tude.  This  instrument  is  easily  set,  and  is 
scarcely  liable  to  derangement  (fig.  162). 

A  still  simpler  instrument  has  been  constructed  by  the  same 
makers, — an  ordinary  thermometer,  placed  likewise  horizon- 
tally, with  a  contraction  in  the  tube  just  beyond  the  bulb. 
Through  this  the  mercury  passes  on  expanding,  but  cannot 
repass  on  contracting.  The  end  of  the  column  in  the  tube 
(which  should  be  of  very  fine  bore)  gives  the  maximum  tem- 
perature. The  instriunent  is  adjusted  by  placing  it  vertically 
and  with  a  slight  swinging  or  jerking  motion,  restoriug  the 
contact  of  the  mercurj^  in  the  tube  with  that  in  the  bulb. 
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Fig.  1G3. 

The  sepai'ate  minimum  instrument  is  a  spiiit  thermometer 
with  an  index  floating  in  the  alcohol,  drawn  by  it  in  retiriag, 
but  passed  in  expanding.  As  the  alcohol  does  not  expand 
regularly,  the  tube  is  not  of  even  bore.  This  instrument  is 
not  fitted  for  delicate  observations. 

Thermometers  for  observing  the  variations  of  heat  depend- 
ing on  the  relative  amount  of  solar  and  terrestrial  radiation, 
require  very  great  nicety  in  their  construction.  We  represent 
two  instruments  made  for  this  purpose  by  Messrs.  Negretti 
and  Zambra. 

The  maximum  thermometer  for  solar  radiation  (fig.  1 64)  is 
an  extremely  delicate  mercurial  glass  thermometer,  with  black- 


Fig.  164. — Maximum  Thermometer  for  Solar  Radiation. 


ened  bulb,  and  graduated  on  its  own  stem ;  it  is  furnished  with 
a  steel  index  similar  to  that  of  the  maximum  thermometer  of 
Rutherford. 

This  instrument  should  be  so  placed  that  its  bulb  is  fiilly 


MEASUREMENT  OF  HEAT. 


251 


exposed  to  the  siin,  but  at  the  same  time  guarded  from  any- 
strong  draughts  or  currents  of  air. 

The  corresponding  minimum  instrument  is  for  the  deter- 
mination of  the  lowest  temperature  of  the  earth,  on  which  it 


Fig.  165. — Minimum  Thermometer  for  Terrestrial  Eadiation. 

;  should  be  placed,  resting  on  grass,  its  bulb  fully  exposed  to 
•  the  sky.  This  iastrament  is  likewise  graduated  on  its  own  stem ; 
.  its  bulb  is  transparent,  and  it  is  filled  with  alcohol  (fig.  165). 

The  double  thermometer,  one  of  the  ordinary  construction, 
t'the  other  with  its  bulb  kept  wet,  is  used  to  indicate  the  dew- 
point,  and  is  called  the  wet  and  dry  bulb  thermometer. 

The  instrument,  as  made  by  Negretti  and  Zambra,  consists 
» of  two  extremely  dehcate  and  similar  ther- 
Emoraeters,  suspended  side  by  side,  and  braced  r  ^-^ 
k  together  by  a  cross  piece  of  metal,  upon  '^^ 
Kwhich  they  are  adjusted  by  means  of  screws 
land  steadying-pins. 

The  two  thermometers  should  be  uniform 
tin  size.  One  has  its  bulb  uncovered,  and  is 
♦termed  the  dry  bulb ;  the  other  is  enveloped 
rwith  fine  muslin,  from  which  a  piece  of 
Idaming  cotton  or  lamp-wick  proceeds  to  a 
Eglass  beaker,  or  cup  of  water  placed  conti- 
;fuous  to  the  bulb  (fig.  166). 

The  instrument  thus  fitted  is  ready  for 
I'ose ;  it  should  be  placed  out  of  doors  in  the 
hbade,  and  suspended  with  the  bulbs  about 
tifour  feet  from  the  groimd.  Cai'e  should  be 
aiaken  that  the  water-vessel  be  at  all  times 
unipplied  with  water,  and  the  conducting 
thread  and  muslin  occasionally  renewed. 

The  readings  of  the  instrument  should  be 
aken  at  definite  times,  and  signify  as  fol- 
ows : — 

That  of  the  wet  bulb,  as  moistened  by  the 
.yater  passing  up  the  conducting  thread,  is        ^^S- 166. 
«ooled  by  evaporation,  and  as  this  ie  greater  in  proportion  as 
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the  air  is  deficient  in  aqueous  vapour,  it  gives  a  reading  de- 
pending upon  the  amount  of  v^ater  then  mixed  with  the  air  in 
the  invisible  shape.  When  the  air  is  saturated,  this  reading  is 
the  same  as  that  of  the  dry-bulb  thermometer ;  when  the  air 
is  not  saturated,  it  reads  less  than  the  dry  bulb ;  and  when 
the  air  is  very  dry,  the  difference  between  the  readiags  of  the 
two  instruments  is  great. 

From  the  joint  reading  of  the  two  thermometers,  the  actual 
amount  of  water  then  present  in  the  air,  as  well  as  the  degree 
of  humidity,  can  be  readily  determined;  and,  when  further 
combined  with  the  reading  of  the  barometer,  the  actual  weight 
of  any  mass  of  air,  in  its  then  state  of  temperature,  pressure, 
and  humidity,  becomes  known. 

Instruments  called  Pyrometers  are  used  to  measure  very 
high  temperatures.  Wedgwood's  consists  of  a  cylindrical 
piece  of  porcelain  clay,  which  contracts  with  the  increase  of 
heat,  and  thus  marks  the  degree:  the  zero  of  Wedgwood's 
scale  is  1077°*5  of  Fahrenheit,  and  each  degree  equal  to  130° 
of  Fahrenheit's.  Pyrometers  of  modern  construction  act  usu- 
ally in  consequence  of  the  expansion  of  that  infusible  metal, 
platinum.  In  Daniell's  pyrometer  the  change  of  temperature 
is  shown  by  the  excess  of  the  expansion  of  an  iron  bar  over 
the  expansion  of  a  black-lead  case,  in  which  it  is  enclosed. 
The  iron  rod  is  shorter  than  the  black-leadware  case,  and  a 
plug  of  earthenware,  which  fits  tight  in  the  case,  abuts  against 
the  iron  rod  inside.  By  the  expansion  of  the  iron  the  earthen- 
ware plug  is  pushed  out,  and  it  is  held  so  tight  in  the  case, 
that  it  cannot  go  back  again  when  the  apparatus  cools ;  the 
protrusion  of  the  earthenware  plug  is  therefore  a  permanent 
index  of  the  greatest  amount  of  expansion  that  had  been  pro- 
duced whilst  the  instrument  was  exposed  to  heat.  This 
expansion  being  very  small,  the  earthenware  plug  is  made  to 
press  against  a  lever,  which  moves  an  index  over  a  graduated 
scale,  and  thus  measures  the  degree  with  accuracy. 

The  scale  of  this  pyrometer  is  readily  connected,  with  that 
of  the  thermometer  by  immersing  the  register  in  boiling 
mercury,  whose  temperature  is  as  constant  as  that  of  boiling 
water,  and  has  been  accurately  determined  by  the  thennometer. 
The  amount  of  expansion  for  a  known  nxmiber  of  degrees  is 
thus  determined,  and  the  value  of  aU  other  expansions  may  be 
considered  as  proportional. 
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1  represents  the  register  (fig.  167) :  A  is  a  bar  of  black- 
i 

IL  z 


lead ;  a  a  the  cavity  for  the  reception 
of  the  metal  bar ;  c  is  the  index,  or 
cylindrical  piece  of  porcelain ;  d  the 
platinum  band,  with  its  wedge  1.  To 
this  register  the  scale  is  adjiisted. 

2  is  the  scale,  by  which  the  expan- 
sion is  measured:  //  is  the  greater 
rule,  upon  which  the  smaller  g  is  fixed 
square ;  the  projecting  arm  li  is  also 
fitted  square  to  the  ledge,  under  the 
platinum  band  ;  D  is  the  arm  which 
Fig.  167.  carries  the  graduated  arc  of  the  circle 

fixed  to  the  rule  //,  and  moveable  upon  the  centre  i;  C  is  the 
lighter  bar  fixed  to  the  first,  and  moving  upon  the  centre  Ic ; 
}  H  is  the  nonius  at  one  of  its  extremities,  and  m  the  steel 
point  at  the  other.  The  rule  g  admits  of  adjustment  upon 
i  ff)  so  that  the  arm  h  may  be  adjusted  at  the  centre  i,  in 
order  that  at  the  commencement  of  an  experiment  the  nonius 
D  may  rest  at  the  beginning  of  the  scale. 

Conduction  of  Heat. 

The  term  conduction  expresses  the  diffusion  of  heat  through 
\  a  sohd  body.  Did  heat  not  spread  slowly  through  the  entire 
I  mass,  even  the  poker  could  not  be  used  to  stir  the  fire  without 
[>  burning  the  hand  that  uses  it. 

That  heat  travels  at  different  speeds  through  the  structure 
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of  various  substances  is  well  known  in  the  common  expericiK  i 
of  a  teapot  with  a  metal  handle,  and  another  with  a  wooden 
bone,  or  ivory  one,  the  former  being  hot  when  the  latter 
hardly  warm. 

Count  Rumford  made  many  interesting  experiments  on  dif- 
ferent substances,  that  he  might  ascertain  the  different  degree  ■ 
they  possessed  of  the  property  of  conducting  heat,  and  they  ai  i 
ranked  in  the  following  succession :  gold,  silver,  copper,  pla- 
tinum, iron,  zinc,  tin,  lead,  diamond,  glass,  marble,  porcelain, 
clay,  woods,  fat  or  oil,  snow,  aii',  silk,  wood- ashes,  charcoal, 
lint,  cotton,  lamp-black,  avooI,  raw  silk,  beaver's  fur,  eider- 
down, hare's  fm-. 

If  some  article  made  of  fur  be  lying  on  a  marble  tabk  . 
both  under  the  same  circumstances  will  be  of  the  same  tem- 
perature ;  but  if  we  lay  one  hand  on  the  fur  and  the  otlier  on 
the  table,  we  shall  say  the  one  is  warm,  the  other  is  cold :  thi^ 
arises  from  the  marble  being  a  better  conductor  of  heat,  which 
abstracting  the  warmth  of  the  hand,  gives  a  feeling  of  cold  ; 
whereas  the  fur  being  a  slow  conductor,  the  heat  of  the  han* 
does  not  readily  pass  into  it,  but  accumulates,  and  warmth  i 
felt.  If  both  the  fur  and  marble  be  heated,  then  the  hanii 
would  feel  the  heat  pass  rapidly  from  the  marble,  while  tin 
fur  would  scarcely  feel  any  warmer  than  usual.  Count  Eum- 
ford  considered  gases  almost  non-conductors  of  heat,  mos: 
especially  when  their  particles  are  not  allowed  to  move  about, 
as  is  exemplified  in  sponge  and  other  porous  bodies  containi]!;. 
a  quantity  of  air. 

In  the  foregoing  list  it  will  be  seen  how  wonderfully  natun 
provides  for  the  preservation  of  animal  bodies.  The  ostiicl. 
has  light  thin  feathers,  as  it  needs  only  a  spare  ciothina 
Avhile  the  sea-fowls  have  thick  strong  feathers  and  down  t 
bear  the  rigours  of  the  ocean's  cold ;  the  elephant  has  a  fev 
straggling  hairs,  while  the  arctic  bear  has  a  rough,  thick, 
shaggy  coat.  The  Avarm-blooded  milk-giving  whale  is  encased 
with  fat  to  preserve  its  heat ;  and  in  trees  and  plants  the  bark 
is  a  substance  that  is  a  slow  conductor  of  heat,  so  that  vege- 
table warmth  is  preserved  without  injury.  Thus  is  every  thini; 
adapted  by  a  superior  wisdom  to  the  cii'cumstances  of  its  nature. 

The  boilers  of  steam-engines  are  encased  in  materials  to 
prevent  the  escape  of  heat  by  having  a  slowly-conductinp 
covering  exposed  to  the  atmosphere;  and  in  winter  pcopli- 
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^v^ap  stable-straw  around  theii-  water-pipes  to  prevent  the 
escape  of  heat. 

In  the  ice-shops  of  London,  huge  lumps  may  be  seen 
wrapped  in  flannel,  by  which  the  greater  heat  of  the  atmo- 
sphere is  prevented  penetrating ;  the  chests  sold  for  its  summer 
presen'ation  are  made  double,  and  the  interstices  filled  with 
sawdust  or  fine  charcoal.  Man  -wraps  himself  in  Avoollen  cloths 
in  winter,  not  because  there  is  warmth  in  the  wool  itself,  but 
that  it  is  a  slow  conductor  of  heat,  and  therefore  retains  the 
natural  warmth  of  the  human  body. 

Among  domestic  utensils  many  are  joined  with  solder. 
Now  it  is  seen  in  the  manufacture  of  them,  that  solder  is 
rendered  fluid  by  no  very  great  heat ;  yet  when  exposed  to  an 
intense  fii'e  it  does  not  melt,  because  the  heat  passes  into  the 
water,  which  never  can  be  heated  beyond  212  degrees ;  but  if 
this  material  that  conducts  the  heat  away  be  diied  up,  then 
the  solder  melts.  Liquids  and  gases  are  much  worse  conduct- 
ors than  sohds.  A  very  simple  experiment  may  afford  a  rough 
estimate  of  the  comparative  powers  of  condiiction  in  the  three 
classes  of  soHd,  liquid,  and  gaseous  bodies.  Metals  heated  to 
120  degrees  will  severely  burn  a  hand  placed  upon  them, 
owing  to  the  facility  with  which  the  heat  will  travel  towards 
it ;  water  will  not  scald,  provided  the  hand  be  kept  without 
motion  in  it,  tiU.  it  reaches  the  temperatiu'e  of  150  degrees, 
while  the  contact  of  air  may  be  endured  at  300  degrees.  Sir 
Joseph  Banks  ventured  into  a  room  heated  to  260  degrees,  and 
remained  there  a  considerable  time  without  inconvenience ; 
and  in  several  processes  of  the  arts  it  is  necessary  for  workmen 
to  enter  stoves  heated  as  high  as  300  degrees,  from  which  no 
injurious  effects  follow. 

To  exemplify  the  difference  between  metal  and  glass  in  their 
powers  of   conducting  heat,  a 
simple  experiment  is  exhibited.    ^  fl&'^x' 
A  piece  of  metal  b  and  a  piece  of   o  o 
glass    of  equal  size  and  length  ^^^T^--~^ 
are  bound  together  at  c  "with  wire,  ^^^m 
and  placed  over  a  spirit-lamp  a ;  .^Pfek 
and  a  piece  of  wax  being  placed  Kg-  ^G8. 

on  each  of  the  other  ends,  that  on  the  end  of  the  metal  h  will 
be  melted,  while  that  on  the  glass  cl  will  not  be  softened. 
From  the  diflTerence  of  the  conducting  powers  of  heat  in 
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various  bodies,  we  find  brass  cannon  become  hot  sooner  than 
iron ;  water  will  boil  in  a  metal  pan  quicker  than  an  earthen- 
ware pipkin ;  and  emigrants  to  hot  coimtries  find  a  log  hut 
and  a  thatched  roof  cooler  in  summer  and  warmer  in  winter 
than  a  brick  or  stone  mansion.  Snow  being  a  bad  conductor 
of  heat,  the  inhabitants  of  the  arctic  regions  build  their  huts 
of  it  for  their  winter  residence. 

There  are  other  modes  of  exhibiting  the  results  shown  in  fig. 
168 :  as,  for  instance,  placing  a  series  of  short  flat  bars  of 
difierent  metals  of  equal  thickness  and  width  on  a  circular 
piece  of  wood  like  the  horizon  of  a  globe,  having  the  points  all 
meeting  in  a  centre,  underneath  which  is  a  spirit-lamp,  the 
flame  equally  touching  the  points;  near  and  on  the  further 
ends  is  placed  a  very  small  piece  of  phosphorus.  When  the 
heat  begins  to  act  on  the  metals,  the  phosphorus  on  the  gold  first 
flashes  into  flame  and  smoke  ;  and  nearly  at  the  same  time, 
but  still  not  till  after  the  gold,  that  on  the  silver ;  after  a  short 
space  that  on  the  copper,  then  follows  the  platinum,  after  that 
the  iron,  and  then  the  lead.  Or  small  pieces  of  wire  of  different 
metals  may  be  fixed  at  one  end  into  a  slip  of  wood  and  tipped 
with  candle- wax,  and  the  other  ends  of  the  wire  placed  in  a 
trough  of  heated  water  at  exactly  the  same  depths ;  the  wax  is 
seen  to  melt  first  on  the  silver,  gold,  and  then  at  short  intervals 
on  the  other  metals. 

Again,  the  ends  of  the  wire  may  be  made  to  protrude 
thi'ough  the  wood,  and  a  marble  fixed  by  wax  on  the  other 
end ;  this  last  end  is  placed  so  as  to  hang  over  a  table  or  box, 
and  a  heated  bar  of  iron  being  brought  against  the  short  end 
projecting  through  the  wood,  first  the  marble  attached  to  the 
silver  wire  drops,  then  that  to  the  gold,  followed  by  that  on 
the  copper,  platinum,  iron,  and  lead. 

If  in  the  experiments  with  the  phosphorus  and  marble  a 
piece  of  glass  were  used  along  with  the  metals,  the  phos- 
phorus would  not  fire,  nor  would  the  marble  drop,  as  before 
the  heat  could  arrive  at  the  ends,  the  bar  of  iron  would  become 
cold. 

By  breaking  the  cohesion  of  solids,  their  conducting  power 
may  be  very  much  decreased  ;  and  on  this  accoimt,  by  placing 
a  layer  of  sand  upon  the  hand,  and  carefully  screening  the 
surrounding  parts,  a  red-hot  ball  of  iron  may  be  supported 
without  inconvenience.    At  the  siege  of  Gibraltar,  red-hot 
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balls  were  carried  to  the  batteries  in  wooden  wheelbarrows, 
merely  protected  with  a  covering  of  sand. 

Convection  of  Heat, 

Liquids  are  bad  conductors  of  heat.  "When  any  strata  of  fluids, 
whether  hquid  or  gaseous,  are  heated,  they  become  by  expansion 
relatively  hghter  than  those  around  them.  Count  Eumford's 
experiments  led  him  to  believe  that  there  could  be  no  change 
of  temperature  in  liquids  without  a  displacement  of  their  par- 

-  ticles,  which  is  called  convection.    When  under  a  vessel  of 

■  water  a  a  (fig.  169),  heat  is  gene-    ._r, 

rated  by  a  lamp  b,  the  portion        n^.^:i^<i^v=-^=i=^  I  A 

I  near  the  bottom  is  dilated,  and 

•  rendered     specifically  lighter; 

1  which  ascends,  and  the  colder  and 

.  denser  particles  sink  down  to  their 
place,  and  in  their  turn  ascend. 
A  continued  current  is  thus 
created,  the  heated  particles  rising 
in  the  centre,  as  at  cc,  and  the 
colder  ones  descending  at  the  sides, 
as  represented  by  the  arrows  n  d  : 
by  thus  constantly  changing  the 
particles,  the  heat  is  spread  over 
the  mass  of  water,  and  the  whole 
is  sooner  at  the  boiling-point  than 
the  same  could  by  conduction  be 
made  to  pass  into  a  solid.  A  popu- 
lar experiment  is  shown  to  prove  that  water  is  a  bad  conductor 
of  heat ;  this  consists  in  having  a  hollow  tube,  at  the  bottom 
of  which  is  placed  a  piece  of  ice,  kept  in  its  position  by  a  small 

^  weight,  and  the  rest  filled  up  with  water ;  the  tube  being  held 
slantingly,  a  spirit-lamp  is  applied  near  the  top,  when  the 
water  in  that  part  is  made  to  boU  while  the  ice  remains 
immclted. 

If  a  piece  of  paper  be  wrapped  around  a  piece  of  wood,  and 
passed  slowly  through  a  flame,  it  will  be  speedily  consumed  in 
comparison  to  a  similar  roll  of  paper  around  a  bar  of  iron ; 
this  arises  from  the  wood  less  greedily  absorbing  the  heat  than 
.the  iron,  consequently  there  is  more  heat  left  to  consume  the 
jmper  around  the  wood  than  that  around  the  metal. 
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Air  when  heated  ascends  or  moves  away  ;  causing  the  colder 
nir  to  rush  in,  producing  the  delightful  variations  of  warm  and 
cooling  breezes ;  and,  in  fact,  the  circulatory  movement  of  the 
whole  atmosphere.  If  a  lump  of  ice  be  introduced  into  an 
apartment,  the  air  in  immediate  contact 
with  it  becomes  denser  and  sinks,  other 
air  rushes  to  supply  its  place,  and  ulti- 
mately the  particles  of  heat  in  the  con- 
tinually renewed  air  melt  the  ice.  If  a 
tube  be  nearly  filled  with  -o'ater,  and  a 
lamp  applied,  as  shown  in  fig.  170, 
the  water  at  the  upper  part  would  boil, 
whilst  that  at  the  bottom  would  remain 
cold  as  at  first.  It  may  be  inferred, 
then,  that  were  the  atmosphere  heated 
at  its  surface,  as  the  water  in  the  tube, 

there  would  be  no  equality  of  tempera-     •   ^  

tiu-e,  by  which  both  the  Torrid  and  the  ^'g-  1^0. 

Arctic  Regions  arc  rendered  habitable ;  but  as  the  heat  pro- 
ceeds fi-om  the  bottom  of  the  aerial  ocean,  it  is  warmed  as  the 
Avatcr  described  in  the  vessel,  by  upward  ciuTcnts,  as  exem- 
pKfied  in  fig.  169.  Now  it  is  plain  the  waters  of  the  globe 
cannot  be  heated  by  convection,  but  only  by  conduction,  Avhich 
is  so  slowly  accomplished  that  deep  waters  always  remain  cool. 
"When  frost  descends,  it  causes  the  surface  to  be  cooled  and 
dense,  then  sinks  to  the  bottom, — and  forces  up  wanner  water 
to  its  place ;  this  in  its  turn  sinks  ;  and  this  system  of  carry- 
ing or  convection  keeps  up  a  circulation  until  the  whole  mass 
ffom  top  to  bottom  has  increased  in  density  and  occiipies  less 
space.  Were  the  water  to  reach  32  degrees  of  cold,  it  would 
begin  to  freeze  at  the  bottom;  but,  by  a  wise  jn'ovision  of 
Providence,  when  the  surface-water  is  about  39|  degrees  of 
temperature,  the  usual  operations  of  nature  seem  to  change ; 
it  begins  to  expand  and  have  less  density,  and  ice  forms  a 
crast  over  the  surface,  protecting  the  fluid  underneath  from 
the  frigidity  of  the  atmosphere,  actually  warming  the  lower 
water,  and  preser\dng  the  lives  of  the  living  creatures  under- 
neath. From  the  whole  mass  of  water  throughout  having  to 
become  dense  before  the  process  of  ice  formation  commences, 
the  deep  seas  of  cold  climates  are  not  frozen,  or  the  lakes  that 
rest  in  deep  basins.    The  cooling  of  the  water  by  the  givin 
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off  of  the  heat  that  it  contains,  serves  to  add  the  lost  -warmth 
to  the  surrounding  atmosphere,  which  accounts  for  inland 
parts  of  countries  being  colder  than  those  parts  near  the  sea, 
even  when  in  a  wai-mer  latitude.  In  summer  the  humid 
breeze  of  the  ocean  preserves  on  its  shores  a  cooler  atmo- 
sphere than  is  enjoyed  by  inland  parts.  Thus  the  coasts  of 
Scotland  and  Ireland  have  neither  the  heat  of  summer  nor  the 
cold  of  winter  felt  in  the  British  motropoHs.  This  is  because 
their  breezes  in  winter  come  from  over  the  ocean,  which,  not 
being  frozen,  is  warmer  than  the  land ;  and  in  summer,  the 
sea  not  being  so  heated  as  the  land,  tlie  winds  are  cooler. 
Frost  in  England  penetrates  but  a  fcAv  inches  below  the  sur- 
face ;  in  all  parts  of  the  world,  at  a  small  depth  below  the 
surface,  the  temperature  is  nearly  equal :  and  it  is  in  this  way 
the  life  of  the  vegetable  kingdom  is  preserved. 

Absolution  of  Heat. 

'  All  substances  absorb  the  heat  to  which  they  are  exposed  in 
a  more  or  less  degree.  When  bodies  are  exposed  to  the  sun, 
in  a  given  time  one  may  absorb  a  considerable  quantity  of  heat, 
and  another  very  little.  This  is  demonstrated  by  an  instrument 
called  a  differential  thermometer  (fig.  171),  already  alluded  to, 
and  used  to  observe  the  laws  of  radiant  heat.  It  consists  of 
two  tubes  placed  perpendicularly, 
having  bulbs  at  the  top  with  gradii- 
ated  scales  fixed  to  them ;  the  tubes 
are  continued  horizontally,  so  that 
they  become  as  it  were  but  one 
bent  tube  with  bulbs  at  the  ex- 
tremities. Into  the  tube  is  put- 
some  coloured  sulphuric  acid :  the 
bulbs  being  full  of  air,  when  the 
temperature  is  equal  in  both  bulbs 
the  acid  is  of  course  at  the  same 
height  on  both  sides ;  but  when  one 
bulb  is  exposed  to  heat,  the  air  in 
that  bulb  expands,  and  pressing 
upon  the  liquid,  drives  it  up  the 
other  side  of  the  tube,  and  stands  ' 
highest  in  the  coolest.  The  difference  of  temperature  is  then 
observed  on  the  graduated  scale. 

s  2  V 
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This  thermometer  will  show  that  the  power  of  absorption 
depends  mainly  on  the  nature  of  the  surface ;  for  if  both  bulbs 
be  exposed  to  the  same  degree  of  heat,  and  one  have  a  coating 
of  lamp-black,  while  the  other  is  in  its  natural  condition,  a 
considerable  diiference  in  temperature  will  be  observed ;  and 
by  covering  one  of  the  bulbs  with  any  particular  substance  or 
colour,  its  power  of  absorbing  heat  may  be  ascertained.  A 
bright  metallic  substance  spread  over  a  bulb  possesses  scarce 
any  absorbent  power,  while  black  paper  or  cloth  exerts  it  to  a 
great  degree. 

A  black  coat  is  the  warmest  covering  in  summer  and  the 
coldest  in  winter.  In  summer  the  body  is  frequently  cooler  than 
the  external  atmosphere ;  and  a  black  coat,  absorbing  the  heat, 
raises  the  temperature  of  the  body;  in  winter  the  body  is 
warmer  than  tlie  atmosphere,  and  then  the  black  cloth  radiates 
the  heat  from  the  body. 

The  shaggy  coat  of  the  Polar  bear  is  white,  so  as  not  to 
radiate  the  heat  of  the  body  of  the  animal,  and  to  enable  it  to 
sustain  the  rigours  of  an  arctic  winter. 

When  sailors  are  ordered  on  the  various  arctic  expeditions, 
they  are  provided  with  clothing  of  a  kind  of  sky-blue  or  French- 
grey  colour,  both  as  one  of  the  best  to  preserve  the  heat  of 
the  body  from  being  radiated,  and  a  tint  of  colour  sufficient  to 
render  them  distinguishable  on  the  white  ground,  and  prevent 
them  being  mistaken  for  bears  on  two  legs,  which  their  muffled 
uncouth  appearance  might  lead  some  of  the  nautical  hunters 
to  imagine  them  to  be. 

Colours  possess  different  properties  of  absorbing  heat ;  and 
Dr.  Pranklin,  by  experiment,  found  those  which  absorbed  most 
light  absorbed  most  heat.  He  laid  pieces  of  different  coloured 
cloth  on  snow,  and  watched  them  for  a  time  while  the  sun  was 
shining  upon  them,  noting  the  different  depths  to  which  they 
sank  by  the  melting  of  the  snow  underneath. 

The  rays  of  heat  that  pass  into  a  body  are  seldom  entirely 
absorbed ;  unless  the  body  be  thick,  a  great  part  of  the  heat 
will  pass  through  and  continue  an  onward  course. 

Radiation  of  Heat. 

Heat  transmitted  through  space,  and  coming  from  bodies  ia 
rays,  is  termed  radiant  heat. 

If  a  red-hot  cannon-ball  a.  (fig.  1 72)  be  suspended  by  the 
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wire  E  teat  will  be  found  to  radiate  from  it  in  all  directions' 
th«  intensity  of  the  rays  diminishing  in  regular  proportion  to 
the  distance ;  thus  at  three  feet, 
as  at  b,  there  is  nine  times  less 
heat  than  at  one  foot  a;  sixteen 
times  less  at  four  feet  c,  and 
twenty-live  times  less  at  five  feet 
d.    These  rays  are  instantane-  \  . 

ously  diffused  and  given  out  in   v       \  / 
straight  lines  like  those  of  light.  '  ' 

When  the  rays  are  stopped  and 
s\vallowed  up  or  absorbed,  then 
the  absorbing  body  is  increased 
in  temperature.  Heat  passes  best 
thimigh  the  worst  conductors,  air 
and  gases;  while  metals  arrest 
its  progress,  and  if  polished,  re- 
flect it.  Heat,  although  it  ac- 
companies the  sunbeam,  can  be 
separated  from  light.  Like  hght, 
it  may  be  brought  to  a  focus,  as 
in  a  biu-ning  glass. 

Inequality  of  temperature  ex- 
ists among  objects  exposed  to  the 
same  degree  of  heat,  from  the  various  properties  they  possess 
of  absorbing  and  parting  with  heat,  which  depends  on  their 
conducting  powers  and  the  state  of  their  surfaces  ;  and  it  is  re- 
T  markable  that  the  absorbing  and  radiating  powers  are  very  fre- 
t  quently  proportional.    If  the  radiating  power  of  lamp-black  be 
•  100,  vrriting-paper  is  98,  sealing-wax  95,  crown-glass  90, 
i  ice  87,  plumbago  and  isinglass  75,  tarnished  lead  45,  mercury 
l20,  clean  lead  19,  polished  iron  15,  tin-plate,  gold,  silver, 
copper,  and  tin  polished  12.    Thus  a  vessel  covered  with  lamp- 
I' black  will  cool  down  hot  water  in  half  the  time  to  what  it 
would  if  it  had  a  polished  surface ;  but  water  in  a  polished 
vessel  may  be  quickened  in  its  cooling  by  enveloping  it  in  thin 
cotton  or  wooUon  cloth.    This  may  arise  from  exposing  to  the 
atmosphere  a  larger  surface,  as  a  roughened  one  both  receives 
and  gives  out  heat  more  rapidly  than  a  smooth  one.    There  is 
this  difference  between  the  heat  from  the  sun  and  that  pro- 
duced by  artificial  means,  as  from  a  fire ;  the  first  darts 
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through  air,  glass,  water,  and  other  bodies,  whereas  the  latter 
is  arrested  in  its  progress.  We  have  stated  that  the  rays  of  the 
sun  pass  through  the  air  without  leaving  much  of  the  property 
of  heat ;  they  fall  on  the  surface  of  the  earth,  and  by  convec- 
tion the  atmosphere  is  heated.  But  aU  the  rays  of  heat  do 
not  pass  into  the  earth,  for  some  are  reflected ;  and  according 
to  the  angle  of  incidence  is  the  angle  of  reflexion. 

The  apparatus  for  concentrating  and  showing  the  effects  of 
the  radiation  of  lieat  consists  of  two  metal  mirrors,  highly 
polished.  These  have  the  form  called  paraboloid ;  any  number 
of  rays  coming  from  the  focus  are  reflected  into  parallel  direc- 
tions, which  coming  to  such  another  mirror,  are  all  reflected  so 
as  to  meet  in  its  focus,  np  (fig.  173)  are  the  two  concave 
mirrors  placed  exactly 
opposite  each  other,  so  . 
that  aU  the  rays  of  M, 
light  or  heat  issuing 
from  the  focus  of  one  ^ 
may  be  collected  in  i^m 
the  focus  of  the  other. 
If  a  red-hot  ball  be  1 
placed  at  h  in  the  focus  Ul 
of  the  rays  passing  ^^^ff^ 
from  the  ball  to  n  wiU 
be  reflected  in  par- 
allel lines  to  p,  and 
reflected  from  it  to 
meet  in  its  focus  a.  If  gunpowder,  phosphorus,  charcoal,  or 
paper  be  placed  at  the  focus  a,  they  will  be  fired  or  burnt; 
and  if  a  thermometer  be  within  the  influence  of  the  focus  flt> 
it  will  be  more  affected  than  if  near  to  the  heated  ball.  If  a 
piece  of  ice  be  substituted  for  the  hot  iron,  the  mercury  in 
the  thermometer  will  fall.  This  made  many  persons  think 
that  cold  had  a  positive  existence,  which  was  an  error,  as  cold 
is  a  mere  sensation  from  the  lessening  of  heat.  In  this  case 
the  hot  ball  radiates  heat  in  all  directions ;  and  the  rays  that 
act  on  the  thermometer  are  only  those  that  fall  on  the  surface 
of  the  reflector,  from  the  part  of  the  ball  opposite  to  it.  If 
the  thermometer  be  held  out  of  the  focal  point,  or  in  any  pait 
intercepting  the  heat-rays,  a  change  of  temperature  wiU 
hardly  be  perceptible.    The  thermometer  being  of  the  heat  of 
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the  room  in  wliicli  it  is  placed  when  opposed  to  the  piece  of 
ice,  is  then  the  hot  body,  and  radiates  its  heat  to  the  ice ;  con- 
sequently its  temperature  falls  in  proportion  as  it  may  be  above 
that  of  the  ice.  Hence  it  is  not  rays  of  cold,  as  many  sup- 
pose, that  affect  the  thermometer,  but  the  radiation  of  heat 
:  ifrom  it  to  the  ice, 

"VNTicn  the  face  of  one  of  these  mirrors  is  turned  directly 
opposite  to  the  sun,  the  focus  has  the  power  of  bm-ning  with 
intensitj' ;  but  if  turned  to  the  zenith  of  a  clear  blue  sky,  the 
thermometer  presented  to  its  focus  sinks  considerably:  this 
:  arises  from  the  mirror  intercepting  the  heat  which  would  reach 
:  it  fi'om  the  earth,  and  the  absence  of  clouds  to  reflect  back 
)  the  heat;  when  clouds  intervene,  the  thermometer  rises  at 
I  once.    This  teaches  us  that  every  thing  on  the  earth  is  radi- 
:  ating  heat,  and  that  the  clouds  in  the  lieavens  perform  the 

>  same  office.  A^Hien  the  sun  passes  from  our  view  to  distribute 
i  its  favoui"s  to  other  lands,  the  radiation  of  heat  still  goes  on ; 
J  the  earth's,  surface,  which  in  the  day  was  warmer  than  the 

>  superincumbent  atmosphere,  parts  with  much  of  its  heat ;  and 
:  the  moisture  held  in  the  air  is  condensed,  forming  those  globular 
}  gems  that  bedeck  eveiy  leaflet  and  blade  of  grass,  which  we 
I  name  dm. 

When  the  sky  is  cloudy  there  is  little  or  no  dew,  as  the  heat 
r  radiated  from  the  earth  is  sent  back  from  the  clouds.  The 
r  moisture  of  the  atmosphere  being  lessened,  and  so  much  heat 
I  liberated  by  the  formation  of  dew,  the  air  is  consequently 
1  warmer.  Gardeners,  to  prevent  dew  falling  on  some  plants, 
t  cover  them  at  a  short  distance  from  the  earth  with  calico  or 

0  other  thin  material,  and  thus  arrest  the  free  radiation  of  heat 
f  from  the  sm-face.  The  pearly  drops  that  form  on  vegetation 
s  are  but  scarce  on  rocks  and  barren  earth,  aiising  from  these 

1  bodies  being  bad  radiators  of  heat.  The  cooling  of  the  atmo- 
S"  sphere,  then,  is  the  reason  of  the  formation  of  dew,  and  the 
['temperature  at  which  it  is  deposited  is  termed  the  dew-point : 

:  the  difference  between  the  dew-point  and  the  temperature  of 
;the  atmosphere,  shows  the  diyness  of  the  air;  and  this  is 
ifotrnd  by  means  of  an  instrument  called  a  hygrometer. 

The  heat  from  the  raj-s  of  the  sun  is  increased  the  nearer  the 
>body  receiving  it  is  placed  at  right  angles.  A  knowledge  of 
Ithis  has  led  to  an  improvement  in  the  growing  of  wall-fruit,  a 
i  slanting  roof  instead  of  a  perpendicular  wall  being  found  to 
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answer  best ;  and  the  greater  the  opacity  and  the  rougher  the 
surface,  the  more  is  the  lieat  increased. 

Capacity  of  Heat. 

The  amount  of  heat  intimately  contained  in  a  body  is  not 
the  same  as  that  which  it  will  communicate  to  another  sub- 
stance. Thus  two  bodies  which  will  indicate  to  the  ther- 
mometer the  very  same  quantity  of  apparent  heat,  may  in 
reality  contain  very  different  quantities  of  heat.  If  two 
separate  pints  of  water  at  different  temperatures  be  mixed,  the 
resulting  heat  will  be  the  mean  of  the  two.  But  if  the  hquids 
mixed  be  dissimilar  in  nature,  as  water  and  oil  or  mercuiy,  it 
is  not  so.  Mix  a  pint  of  mcrciuy  at  100°  with  a  pint  of 
water  at  40°,  and  a  temperature  of  60°  will  result  (the  mean 
being  70°).  But  if  the  mercury  be  at  40°,  and  the  water  at 
100°,  the  resulting  heat  is  80°.  This  is  because  merciiry  has 
a  lower  specific  heat  than  water.  On  accoimt  of  these  dif- 
ferences in  the  amount  of  real  heat  in  bodies,  different  quan- 
tities of  heat  must  be  communicated  in  order  to  raise  them 
from  one  temperature  to  another. 

To  raise  1  lb.  of  water  from  32°  to  212°  requires  as  much 
heat  as  would  raise  4  lbs.  of  atmosjiheric  air  to  that  degree  of 
heat ;  for  the  specific  heat  of  air  is  one-fourth  that  of  water. 

Water  and  mercury  placed  side  by  side  on  a  hot  plate  requii'c 
different  periods  to  arrive  at  the  same  state  of  heat.  In  fact, 
the  water  will  require  thirty  times  as  much  heat  as  the  mercurj-. 
If  both  substances  be  used  to  melt  ice,  the  water  will  liquefy 
thii'ty  times  as  much  as  the  mercuiy.  If  an  equal  weight  of 
hot  water  and  cold  mercury  be  mixed,  the  water  wiU  heat  the 
mercury  30° ;  whereas,  if  the  conditions  be  reversed,  the 
water  cold  and  the  mercury  hot,  the  last  body  will  lose  30° 
of  heat  in  equalizing  the  temperature.  Water,  under  the 
ordinary  pressure  of  the  atmosphere,  boils  when  it  has  a  tem- 
perature of  212°,  and  no  inci'case  of  heat  will  raise  it  above 
that  point.  These  circumstances  of  susceptibility  to  heat  in 
equal  weights  of  different  bodies  are  termed  their  capacities  far 
heat. 

Latent  Heat, 

Heat  is  the  great  cause  of  the  separation  of  the  particles  of 
all  bodies.  It  transforms  a  solid  into  a  liquid,  a  liquid  into  a 
gas  by  its  repulsive  property.    A  great  portion  of  the  heat  so 
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engaged  is  incapable  of  being  communicated  to  other  sub- 
stances, and  remains  latent,  or  hid,  so  long  as  the  gaseous  or 
fluid  condition  is  maintained.  To  transform  ice  at  32°  into 
water  at  the  same  sensible  temperatm-e,  demands  a  considerable 
addition  of  heat  (140°) ;  all  of  which  becomes  latent  in  the 
water.  To  change  water  at  212°  into  steam  at  the  same  tem- 
perature, 1000  more  degrees  of  heat  are  needed,  which  become 
latent  in  the  steam.  This  cause  checks  a  too  rapid  liquefaction 
or  evaporation,  and  causes  both  to  produce  cold,  by  depriving 
.•  sujTOunding  substances  of  theii'  caloric. 

The  heat  thus  lost,  when  a  solid  is  converted  into  a  liquid 
.  or  cither  into  a  gas,  is  called  hidden  or  latent  heat ;  and  its 
;  discovery  is  owing  to  the  Kesearches  of  Dr.  Black,  who  found 
;  that  whatever  time  was  necessary  to  heat  the  ice  one  degree, 
i  exactly  one  hundred  and  forty  times  as  much  would  be  required 
for  melting  it,  thus  that  140°  is  the  latent  heat  of  ^^  ater ;  and 
Lavoisier,  a  celebrated  French  chemist,  invented  a  heat- 
:  measure  or  calorimeter,  which  consisted  of  a  vessel  lined  with 
i  ice ;  and  the  quantity  of  heat  given  out  by  any  body  placed  in 
i  it  is  indicated  by  the  quantity  of  water  collected  from  the 
:  melted  ice. 

The  calorimeter  is  made  of  tin  or  iron  plates  a  a  (fig.  174), 
;  and  inside  is  a  smaller  one  b  b, 
i  in  which  is  a  wire  vessel  c,  to 
1  liold  the  substance  that  is  to  be 
'.tested.  Between  the  fii-st  and 
.■i  second  vessels,  as  also  between 
tthe  second  and  the  -ndre  cage, 
I  the  space  is  filled  up  with 
ppounded  ice.  The  ice  between 
'  A  and  B  prevents  the  warmth  of 
!  the  atmosphere  acting  on  the 
i-emclosed  substance ;  thus  the  ice 
saroTuid  the  wire  vessel  is  af- 
F'fected  only  by  the  heat  from  the 
» substance  examined,  which  melts 

the  ice  untD.  its  temperature 

reaches  32°.    The  ice  thawed  by  Fig.  174. 

the  siibstancc  runs  off  as  water  at  the  cock  d,  and  is  afterwards 

(■weighed.  As  melting  ice  is  always  at  32°,  all  the  heat  applied 
fgoea  to  thawing  the  ice;  and  therefore  as  to  the  quantity 
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melted  so  is  the  amount  of  heat  expended.  A  pound  of  water 
135°  above  freezing-point  will  melt  1  lb.  of  ice. 

The  latent  heat  of  water  is  140°  ;  of  mercury,  142° ;  melted 
wax,  170°  ;  tin,  442° ;  zinc,  492°.  The  latent  heat  of  vapours  is 
usually  high.  That  of  steam  is  1000° ;  of  vinegar  vapour, 
900° ;  alcohol,  442° ;  ether,  300° ;  oil  of  turpentine,  177°. 

It  is  this  latent  heat  dwelling  in  bodies  that  prevents  the 
freezing  of  the  earth  or  ocean,  or  the  instantaneous  conversion 
of  snow  iato  water,  and  allows  the  changes  to  be  gradual  and 
foreseen.  Metals  slowly  melt  or  become  hard  from  the  same 
cause. 

Latent  heat  is  beautifully  illustrated  in  the  slaking  of  hot 
lime  ;  the  water  poured  upon  it  becomes  solidly  combined  with 
the  lime,  whUe  the  latent  heat  is  liberated  from  the  chemical 
action  that  takes  place.  The  heat  given  out  by  steam-pipes  is 
the  latent  heat  given  up  by  the  steam  which  is  condensing  into 
water. 

The  elasticity  of  vapours  depends  much  on  the  quantity  of 
latent  heat  they  contain.  On  undergoing  forcible  compression, 
they  give  out  much  of  this  heat,  for  they  require 
less  Avhen  they  occupy  less  space.  On  again  ex- 
panding, the  gas  or  vapour  acquires  heat,  and 
produces  cold  by  taking  it  from  bodies  around. 

This  is  illustrated  by  an  instrument  named  the 
atmospheric  tinder-box,  by  means  of  which 
tinder  and  other  easily  inflammable  substances 
are  ignited,  from  the  rapid  condensation  of  air. 
It  is  made  of  glass  or  brass,  about  10  inches  long, 
hollow,  and  very  smaU  in  the  diameter.  A  piston 
aacc  (fig.  175),  attached  to  a  rod  b,  works  in  the 
tube  e  and  fits  very  exactly;  in  a  hollow  d  on  the 
lower  part  of  the  piston  is  fixed  the  tinder,  or 
amadou,  and  on  the  operator  diiving  it  suddenly 
down  to  the  bottom,  ignition  takes  place. 

"When  we  desire  to  warm  anything  with  oux 
breath,  we  open  the  mouth  and  send  a  stream 
of  warm  air  from  the  lungs  slowly  and  gently ; 
but  if  we  want  to  cool  a  hot  substance,  we  con- 
tract the  muscles  of  the  chest,  narrow  the  mouth 
to  a  small  aperture,  and  blow  quickly  and  strongly. 


Fig.  175. 


If  air  be  compressed  into  a  cylinder  vessel  with  the  weight  of 
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•  three  atmospheres,  and  then  allowed  to  escape  through  a  very 
,v  small  hole,  the  heat  rendered  latent  by  the  air  in  its  expansion 
;,  as  it  passes  out  "wUl  cause  such  cold  as  to  freeze  water. 

Heat  causes  change  of  state. 

In  considering  heat  as  a  cause  of  expansion,  we  have 
.  already  mentioned  that  almost  every  body  in  nature  is  sus- 
i-  ceptible  of  three  states  of  existence,  solid,  liquid,  and  aeriform  ; 
1  and  that  these  conditions  depend  on  the  quantity  of  caloric  or 
hhcat  they  contain.  Thus  water  may  be  in  the  state  of  ice, 
» water,  or  steam;  mercurj^  may  be  as  a  solid  bar,  liquid,  and 
ias  gas.  At  the  ordinary  heat  of  the  atmosphere  some  objects 
iare  solid,  as  metals  and  stones ;  some  liquid,  as  water  and 
.ioils;  others  are  air,  as  nitrogen  and  hydrogen.  This  is 
i  dependent  on  their  relation  or  affinity  to  heat. 

Oxygen  possesses  an  immense  affinity  for  heat,  and  although 
idt  exists  as  a  gas,  may  be  combined  to  a  solid,  as  in  the  case 
jof  the  rust  of  iron.  But  beside  this  combination,  Dr.  Faraday, 
•by  compression  and  cold,  has  both  liquefied  and  solidified 
many  gases.  The  application  of  heat  to  solids  has  the  effect 
)of  first  expanding  their  bulk;  some  become  softened,  and 
mothers  at  once  pass  from  the  solid  to  the  liquid,  and  then,  on 
'"continiiing  the  heat,  to  the  gaseous  form ;  while  some  pass 
ifrora  the  solid  to  the  gaseous  without  becoming  liquid.  To  a 
••certain  point  some  solids  will  receive  heat  and  preserve  their 

•  :onditions,  but  beyond  that  point  will  change.  It  is  a  singular 
Itact,  that  what  is  called  the  melting-  or  freezing-point  is  always 
■3xactly  the  same  in  the  same  substances ;  thus  ice  melts,  or 
water  freezes,  at  32°  on  Fahrenheit's  scale.  The  freezing- 
)ooint  of  mercury  is  40°  below  zero. 

Diathernmncy . 

The  radiant  heat  which  faUs  on  the  surface  of  a  body  is  in 
Koart  absorbed,  in  part  reflected,  according  to  its  nature,  and  a 
"oart  may  be  transmitted.  Some  transparent  and  translucent 
Koodies,  which  allow  a  ray  of  light  to  pass  through  them,  per- 
mit a  ray  of  heat  to  pass  also.    For  this  property  the  term 

liaihermancy  has  been  invented  by  Melloni,  who  has  abun- 
;.lantly  investigated  the  subject.    Many  bodies  are  transparent 

x)  light,  but  only  one  solid — rock-salt — allows  most  of  the  ray 
()f  heat  to  pass  it.    Rock-salt  transmits  92-3  per  cent,  of  the 
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heat  which  impinges  upon  it ;  it  is  the  most  diathermanous 
body  known.  Native  crystals  of  sulphur  transmit  74  per 
cent. ;  fluor  spar,  72 ;  quartz,  glass,  and  Iceland  spar,  39 ; 
tourmaline,  18 ;  citric  acid,  11 ;  alum,  9  ;  white  sugar-candy,  8. 
Of  liquids — sulphui'et  of  carbon  allows  63  to  pass  ;  oHve  oU, 
30  ;  alcohol,  15;  and  water,  11.  There  is  no  direct  relation 
between  diathermancy  and  transparency.  Crystallized  sulphate 
of  copper  transmits  blue  light,  but  entirely  arrests  heat.  ]31ack 
mica  and  smoked  glass  are  opake  to  light,  but  transmit  a 
considerable  amount  of  heat. 

One  curious  fact  noted  by  Melloni,  is  that  heat  from  different 
sources  had  different  powers  of  passing  through  such  media. 
Ilock-salt  alone  transmits  alike  all  kinds  of  heat.  With  other 
media,  the  heat  of  a  naked  flame  has  the  greatest  power  of 
passing;  that  from  ignited  platinum  has  less;  that  fi'om 
copper  heated  to  750°,  less  still ;  and  that  from  copper  heated 
to  212°,  least  of  aU,  being  entu-ely  arrested  by  plate-glass, 
citric  acid,  alum,  &c.  Thus  there  is  probably  some  variety 
among  different  rays  of  heat,  as  of  light. 

The  thermic  rays  may  be  refracted,  like  those  of  light,  and 
brought  to  a  focus  by  a  lens  or  bui'ning- glass.  A  prism  of 
rock-salt  being  caused  to  refract  a  ray  of  heat,  there  is  formed 
a  sort  of  thermic  spectrum,  over  which  the  rays  of  heat  are 
distributed.  Most  of  these  rays  are  less  refrangible  even  than 
the  red  ray  of  light,  and  are  found  situated  in  the  dark  space 
beyond  the  red  ray  of  the  solar  spectrum.  Heat  is  found  to 
be  more  refrangible  in  proportion  to  its  greater  intensity. 

Homogenesis  of  Forces. — "  There  is  no  question  occupying 
more  attention  among  the  highest  order  of  intellects  than  that 
of  the  identity  of  the  several  invisible  forces  of  Nature.  The 
relations  of  magnetism,  electricity,  chemical  affinity,  heat  and 
light,  are  certainly  very  close  and  very  compUcated.  Each  one 
of  these  forces  is  capable  of  producing  either  or  all  of  the 
others.  They  may  also  all  generate  mechanical  power,  and 
mechanical  power,  on  the  other  hand,  may  generate  all  of  these 
forces.  Perhaps  as  good  an  illustration  of  this  as  any  is  to  be 
found  in  the  electric  light.  First,  the  mechanical  power  of  a 
steam-engine  turns  a  wheel  which  carries  a  number  of  perma- 
nent magnets  at  its  periphery;  these  magnets,  as  they  are 
carried  past  the  ends  of  soft  iron  cores  which  have  insulated 
wires  wound  ai'ound  them  in  helical  form,  cause  wares  of  eke- 
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Iriciti/  to  flash  fhrougli  the  helical  wires ;  the  electricity,  dart- 
ing along  from  di-op  to  drop  of  an  exceedingly  slender  stream 
of  flowing  mercmy,  produces  an  intense  light ;  it  also  gene- 
itites  heat,  by  which  the  merciuy  is  evaporated.  But  Avhence 
comes  the  mechanical  power  of  the  steam-engine?  That 
■  results  from  the  expansion  of  steam  caused  by  heat,  and  the 
heat  is  produced  by  the  combustion  of  fuel,  which  is  its 
chemical  combination  with  oxygen ;  in  other  words,  chemical 
affinity.  If  we  replace  the  steam-engine  by  a  water-wheel, 
A  we  have  the  several  forces  produced  by  gravitation.  It  is  to 
[i  be  remarked,  however,  that  gravitation  cannot  be  generated,  in 
tits  turn,  by  any  of  the  other  natural  forces,  or  by  mechanical 
I  power.  From  these  several  facts,  and  others  of  the  same  kind, 
i'ihe  grand  and  simple  idea  has  been  suggested  that  all  the 
I  forces  in  Nature  are  the  same  thing ;  merely  matter  in  motion. 
rChis  suggestion  implies  that  aU  the  countless  phenomena  of 
[hhemical  combination, — all  the  appearances  produced  by  Light, 
pts  endless  variety  of  colour  and  shade,  its  refraction,  reflexion, 
Lind  polarization,  with  the  miraculous  revelations  which  these 
I'lave  given  us  through  the  telescope  and  the  microscope, — the 
tremendous  power  of  heat,  with  its  contractions,  expansions, 
■freezings,  and  evaporations, — all  the  swift  and  subtle  operations 
B  f  electricity  in  the  galvanic  battery,  the  lightning-rod  and  the 
telegraph ;  and,  finally,  the  growth  and  decay  of  plants  and 
■immals,  the  action  of  the  muscles,  the  stomach,  the  lungs,  the 
le.erves, — in  short,  all  the  phenomena  of  the  universe, — are 
produced  merely  by  changes  in  either  the  velocity  or  the  direc- 
Icion  of  the  motions  of  matter.  Such  is  the  doctrine  of  the 
Ir  omogenesis  of  forces.  A  sublime  and  comprehensive  theory, 
■hhether  true  or  false !  A  few  scientific  men  have  committed 
B'lemselves  to  it  fully ;  but  most  able  philosophers  regard  it 
wet  as  improven.  As  the  relations  of  the  natural  forces  to 
■'ich  other  caused  the  conception  of  the  theory,  so  the  promul- 
K&tion  of  the  theory  has  led  to  a  very  close  study  of  these 
■Ijlations ;  and  the  field  is  as  rich  in  curious  and  wonderful 
■cicts  as  any  that  has  ever  been  explored  by  the  student  of 
Mature." 

I  Cold,  or  the  Absence  of  Heat. 

I(  Cold  has  no  existence  of  its  own,  but  is  merely  a  negative 
Bnality.    It  represents  the  absence  of  heat  to  a  greater  or  less 
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answer  best ;  and  the  greater  the  opacity  and  the  rougher  the 
surface,  the  more  is  the  lieat  increased. 

Capacity  of  Heat. 

The  amount  of  heat  intimately  contained  in  a  body  is  not 
the  same  as  that  which  it  will  communicate  to  another  sub- 
stance. Thus  two  bodies  which  will  indicate  to  the  ther- 
mometer the  very  same  quantity  of  apparent  heat,  may  in 
reality  contain  very  different  quantities  of  heat.  If  two 
separate  pints  of  water  at  different  temperatures  be  mixed,  the 
resulting  heat  will  be  the  mean  of  the  two.  But  if  the  liquids 
mixed  be  dissimilar  in  natiu'e,  as  water  and  oil  or  mercuiy,  it 
is  not  so.  Mix  a  pint  of  mercury  at  100°  with  a  pint  of 
water  at  40°,  and  a  temperature  of  60°  will  result  (the  mean 
being  70°).  But  if  the  mercury  be  at  40°,  and  the  water  at 
100°,  the  resulting  heat  is  80°.  This  is  because  mercmy  ha  s 
a  lower  specific  heat  than  water.  On  account  of  these  dif- 
ferences in  the  amount  of  real  heat  in  bodies,  different  quan- 
tities of  heat  must  be  communicated  in  order  to  raise  them 
from  one  temperature  to  another. 

To  raise  1  lb.  of  water  from  32°  to  212°  requires  as  much 
heat  as  would  raise  4  lbs.  of  atmospheric  air  to  that  degree  ol 
heat ;  for  the  specific  heat  of  air  is  one-fourth  that  of  water. 

Water  and  mercury  placed  side  by  side  on  a  hot  i)late  requii-c 
different  periods  to  arrive  at  the  same  state  of  heat.  In  fact, 
the  water  will  require  thirty  times  as  much  heat  as  the  mercurj-. 
If  both  substances  be  used  to  melt  ice,  the  water  will  liqueiy 
thirty  times  as  much  as  the  mercury.  If  an  equal  weight  of 
hot  water  and  cold  mercury  be  mixed,  the  water  will  heat  the 
mercury  30° ;  whereas,  if  the  conditions  be  reversed,  the 
water  cold  and  the  mercury  hot,  the  last  body  will  lose  30° 
of  heat  in  ecjuaHzing  the  temperature.  Water,  under  the 
ordinary  pressure  of  the  atmosphere,  boils  when  it  has  a  tem- 
perature of  212°,  and  no  increase  of  heat  will  raise  it  above 
that  point.  These  circumstances  of  susceptibility  to  heat  in 
equal  weights  of  different  bodies  are  termed  their  capacities  for 
Jieat. 

Latent  Heat. 

Heat  is  the  great  cause  of  the  separation  of  the  particles  of 
all  bodies.  It  transforms  a  solid  into  a  hquid,  a  liquid  into  a 
gas  by  its  repulsive  propertj%    A  great  portion  of  the  heat  so 
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t  engaged  is  incapable  of  being  communicated  to  other  sub- 
stances, and  remains  latent,  or  bid,  so  long  as  the  gaseous  or 
:  fluid  condition  is  maintained.    To  transform  ice  at  32°  into 
water  at  the  same  sensible  temperature,  demands  a  considerable 
addition  of  heat  (140°) ;  all  of  which  becomes  latent  in  the 
.  water.    To  change  water  at  212°  into  steam  at  the  same  tem- 
;  perature,  1000  more  degrees  of  heat  are  needed,  which  become 
'  latent  in  the  steam.   This  cause  checks  a  too  rapid  liquefaction 
■  or  evaporation,  and  causes  both  to  produce  cold,  by  depriving 
surrounding  substances  of  theii"  caloric. 

The  heat  thus  lost,  when  a  soHd  is  converted  into  a  liquid 
I  or  either  into  a  gas,  is  called  hidden  or  latent  heat ;  and  its 
(discovery  is  owing  to  the  Kesearches  of  Dr.  Black,  who  found 
tthat  whatever  time  was  necessary  to  heat  the  ice  one  degree, 
f  exactly  one  hundred  and  forty  times  as  much  would  be  required 
i  for  melting  it,  thus  that  140°  is  the  latent  heat  of  water ;  and 
1  Lavoisier,  a  celebrated  French  chemist,  invented  a  heat- 
rmeasure  or  calorimeter,  which  consisted  of  a  vessel  lined  with 
iice  ;  and  the  quantity  of  heat  given  out  by  any  body  placed  in 
i  it  is  indicated  by  the  quantity  of  water  collected  from  the 
rmelted  ice. 

The  calorimeter  is  made  of  tin  or  iron  plates  A  A  (fig.  174), 
aand  inside  is  a  smaller  one  b  b, 
iin  which  is  a  wire  vessel  c,  to 
liliold  the  substance  that  is  to  be 
[(tested.  Between  the  fii'st  and 
jsecond  vessels,  as  also  between 
tthe  second  and  the  wire  cage, 
lithe  space  is  filled  up  with 
jpounded  ice.  The  ice  between 
iA  and  B  prevents  the  warmth  of 
'the  atmosphere  acting  on  the 
»eaaclosed  substance ;  thus  the  ice 
laaxiimd  the  ■wire  vessel  is  af- 
•fected  only  by  the  heat  from  the 
(substance  examined,  which  melts 
fthe  ice  until  its  temperature 
■Teaches  32°.    The  ice  thawed  by  Fig.  174. 

ithe  substance  runs  off  as  water  at  the  cock  n,  and  is  afterwards 
rvreighcd.  As  melting  ice  is  always  at  32°,  all  the  heat  apphed 
»?oe8  to  thawing  the  ice;  and  therefore  as  to  the  quantity 
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melted  so  is  the  amount  of  heat  expended.  A  pound  of  water 
135°  above  freezing-point  will  melt  1  lb.  of  ice. 

The  latent  heat  of  water  is  140° ;  of  mercury,  142° ;  melted 
wax,  170° ;  tin,  442° ;  zinc,  492°.  The  latent  heat  of  vapours  is 
usually  high.  That  of  steam  is  1000° ;  of  vinegar  vapour, 
900° ;  alcohol,  442° ;  ether,  300° ;  oil  of  turpentine,  177°. 

It  is  this  latent  heat  dwelling  in  bodies  that  prevents  the 
freezing  of  the  earth  or  ocean,  or  the  instantaneous  conversion 
of  snow  into  water,  and  allows  the  changes  to  be  gradual  and 
foreseen.  Metals  slowly  melt  or  become  hard  from  the  same 
cause. 

Latent  heat  is  beautifully  illustrated  in  the  slalcing  of  hot 
lime ;  the  water  poured  upon  it  becomes  solidly  combined  with 
the  lime,  while  the  latent  heat  is  liberated  from  the  chemical 
action  that  takes  place.  The  heat  given  out  by  steam-pipes  is 
the  latent  heat  given  up  by  the  steam  which  is  condensing  into 
water. 

The  elasticity  of  vapoiu-s  depends  much  on  the  quantity  of 
latent  heat  they  contain.    On  undergoing  forcible  compression, 
they  give  out  much  of  this  heat,  for  they  require 
less  wlien  they  occupy  less  space.   On  again  ex- 
panding, the  gas  or  vapour  acquires  heat,  and 
produces  cold  by  talcing  it  from  bodies  around. 

This  is  illustrated  by  an  instrument  named  the 
atmospheric  tinder-box,  by  means  of  which 
tinder  and  other  easily  inflammable  substances 
are  ignited,  from  the  rapid  condensation  of  air. 
It  is  made  of  glass  or  brass,  about  10  inches  long, 
hoUow,  and  very  small  in  the  diameter.  A  piston 
aacc (fig.  175),  attached  to  a  rod h,  works  in  the 
tube  e  and  fits  verj"-  exactly;  in  a  hoUow  d  on  the 
lower  part  of  the  piston  is  fixed  the  tinder,  or 
amadou,  and  on  the  operator  diiving  it  suddenly 
down  to  the  bottom,  ignition  takes  place. 

When  we  desii'e  to  warm  anything  with  our 
breath,  we  open  the  mouth  and  send  a  stream 
of  warm  air  from  the  lungs  slowly  and  gently ; 
but  if  we  want  to  cool  a  hot  substance,  we  con- 
tract the  muscles  of  the  chest,  narrow  the  mouth 
to  a  smaU  aperture,  and  blow  quickly  and  strongly. 


Fig.  175. 


If  air  be  compressed  into  a  cylinder  vessel  with  the  weight  of 
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*liree  atmospheres,  and  then  allowed  to  escape  through  a  very 
small  hole,  the  heat  rendered  latent  by  the  air  in  its  expansion 
it  passes  out  will  cause  such  cold  as  to  freeze  water. 

Heat  causes  change  of  state. 

In  considering  heat  as  a  cause  of  expansion,  we  have 
!  leady  mentioned  that  almost  every  body  in  nature  is  sus- 
ceptible of  three  states  of  existence,  solid,  liquid,  and  aeriform  ; 
;md  that  these  conditions  depend  on  the  quantity  of  caloric  or 
lieat  they  contain.    Thus  water  may  be  in  the  state  of  ice, 
water,  or  steam ;  mercur}''  may  be  as  a  solid  bar,  liquid,  and 
-  gas.    At  the  ordinary  heat  of  the  atmosphere  some  objects 
re  solid,  as  metals  and  stones ;  some  liquid,  as  water  and 
Ills ;  others  are  air,  as  nitrogen  and  hydrogen.    This  is 
'■pendent  on  their  relation  or  affinity  to  heat. 

Oxygen  possesses  an  immense  affinity  for  heat,  and  although 
t  exists  as  a  gas,  may  be  combined  to  a  soHd,  as  in  the  case 
if  the  rust  of  iron.  But  beside  this  combination,  Dr.  Paraday, 
v  compression  and  cold,  has  both  liquefied  and  solidified 
any  gases.    The  application  of  heat  to  solids  has  the  effect 
first  expanding  their  bulk ;  some  become  softened,  and 
liers  at  once  pass  from  the  solid  to  the  liquid,  and  then,  on 
utinuing  the  heat,  to  the  gaseous  form ;  while  some  pass 
om  the  solid  to  the  gaseous  without  becoming  liquid.    To  a 
i  rtain  point  some  solids  wiE  receive  heat  and  preserve  theii' 
r'onditions,  but  beyond  that  point  will  change.    It  is  a  singular 
iiact,  that  what  is  called  the  melting-  or  freezing-point  is  always 
s-xactly  the  same  in  the  same  substances ;  thus  ice  melts,  or 
vater  freezes,  at  32°  on  Tahrenheit's  scale.    The  freezing- 
oioint  of  mercury  is  40°  below  zero. 

Diathermancy. 

The  radiant  heat  which  falls  on  the  surface  of  a  body  is  in 
Jiajt  absorbed,  in  part  reflected,  according  to  its  nature,  and  a 
»>art  may  be  transmitted.  Some  transparent  and  translucent 
!»odies,  which  allow  a  ray  of  light  to  pass  through  them,  per- 
tait  a  ray  of  heat  to  pass  also.  For  this  property  the  term 
liathermancy  has  been  invented  by  Melloni,  who  has  abun- 
1  antly  investigated  the  subject.  Many  bodies  arc  transparent 
0  light,  but  only  one  solid — rock-salt— -allows  most  of  the  ray 
f  heat  to  pass  it.    Kock-salt  transmits  92-3  per  cent,  of  the 
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heat  which  impinges  upon  it ;  it  is  the  most  diathermanous 
body  known.  Native  crystals  of  sulphur  transmit  74  per 
cent. ;  fluor  spar,  72 ;  quartz,  glass,  and  Iceland  spar,  39 ; 
tourmaline,  18  ;  citric  acid,  11 ;  alum,  9  ;  white  sugar-candy,  8. 
Of  liquids — sulphuret  of  carbon  allows  63  to  pass ;  olive  oil, 
30;  alcohol,  15;  and  water,  11.  There  is  no  direct  relation 
between  diathermancy  and  transparency.  Crystallized  sulphat( 
of  copper  transmits  blue  light,  but  entirely  arrests  heat.  Black 
mica  and  smoked  glass  are  opake  to  light,  but  transmit  a 
considerable  amount  of  heat. 

One  curioxis  fact  noted  by  Melloni,  is  that  heat  from  dififerent 
sources  had  different  powers  of  passing  through  such  media. 
Rock-salt  alone  transmits  alike  all  kiads  of  heat.  With  other- 
media,  the  heat  of  a  naked  flame  has  the  greatest  power  oi 
passing;  that  from  ignited  platinum  has  less;  that  from 
copper  heated  to  750°,  less  stiU. ;  and  that  from  copper  heated 
to  212°,  least  of  all,  being  entirely  arrested  by  plate-glass, 
citric  acid,  alum,  &e.  Thus  there  is  probably  some  variety 
among  different  rays  of  heat,  as  of  light. 

The  thermic  rays  may  be  refracted,  like  those  of  light,  and 
brought  to  a  focus  by  a  lens  or  bui-ning- glass.  A  prism  of 
rock-salt  being  caused  to  refi-act  a  ray  of  heat,  there  is  formed 
a  sort  of  thermic  spectrum,  over  which  the  rays  of  heat  are 
distributed.  Most  of  these  rays  are  less  refrangible  even  than 
the  red  ray  of  light,  and  are  found  situated  in  the  dark  space 
beyond  the  red  ray  of  the  solar  spectrum.  Heat  is  found  to 
bo  more  refrangible  in  proportion  to  its  greater  intensity. 

Homogenesis  of  Forces. — "  There  is  no  question  occupying 
more  attention  among  the  highest  order  of  intellects  than  that 
of  the  identity  of  the  several  invisible  forces  of  Nature.  The 
relations  of  magnetism,  electricity,  chemical  affinity,  heat  and 
light,  are  certainly  very  close  and  very  complicated.  Each  one 
of  these  forces  is  capable  of  producing  either  or  all  of  the 
others.  They  may  also  all  generate  mechanical  power,  and 
mechanical  power,  on  the  other  hand,  may  generate  all  of  these 
forces.  Perhaps  as  good  an  illustration  of  this  as  any  is  to  be 
found  in  the  electric  light.  First,  the  mechanical  power  of  a 
steam-engine  turns  a  wheel  which  carries  a  number  of  penna- 
nent  magnets  at  its  periphery;  these  magnets,  as  they  arc 
carried  past  the  ends  of  soft  iron  cores  which  have  insulated 
wires  wound  around  them  in  helical  form,  cause  waves  of  elec- 
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tncitij  to  flash  through  the  helical  wires ;  the  electricity,  dart- 
ing along  from  drop  to  drop  of  an  exceedingly  slender  stream 
of  flowing  merciuy,  produces  an  intense  lic/Jit ;  it  also  gene- 
rates lieat,  by  which  the  mercury  is  evaporated.    But  whence 
comes  the  mechanical  power  of  the  steam-engine?  That 
:  results  from  the  expansion  of  steam  caused  by  heat,  and  the 
heat  is  produced  by  the  combustion  of  fuel,  which  is  its 
chemical  combination  with  oxygen ;  in  other  words,  chemical 
affinity.    If  we  replace  the  steam-engine  by  a  water-wheel, 
■e  have  the  several  forces  produced  by  gravitation.    It  is  to 
be  remarked,  however,  that  gravitation  cannot  be  generated,  in 
tits  turn,  by  any  of  the  other  natural  forces,  or  by  mechanical 
ower.    From  these  several  facts,  and  others  of  the  same  kind, 
the  grand  and  simple  idea  has  been  suggested  that  all  the 
"brces  in  Nature  are  the  same  thing;  mQxAj matter  in  motion. 

lis  suggestion  implies  that  all  the  countless  phenomena  of 
bhemical  combination, — all  the  appearances  produced  by  light, 
ts  endless  variety  of  colour  and  shade,  its  refraction,  reflexion, 
id  polarization,  with  the  mii-aculous  revelations  which  these 
ave  given  us  through  the  telescope  and  the  microscope, — the 
■remendous  power  of  heat,  Avith  its  contractions,  expansions, 
reezings,  and  evaporations, — all  the  swift  and  subtle  operations 
f  electricity  in  the  galvanic  battery,  the  lightning-rod  and  the 
elegraph ;  and,  finally,  the  growth  and  decay  of  plants  and 
.nimals,  the  action  of  the  muscles,  the  stomach,  the  lungs,  the 
erves, — in  short,  all  the  phenomena  of  the  universe, — are 
'oduced  merely  by  changes  in  either  the  velocity  or  the  direc- 
f.on  of  the  motions  of  matter.    Such  is  the  doctrine  of  the 
omogenesis  of  forces.    A  sublime  and  comprehensive  theory, 
I  hether  true  or  false  !    A  few  scientific  men  have  committed 
uemselves  to  it  fully ;  but  most  able  philosophers  regard  it 
st  as  unproven.    As  the  relations  of  the  natxiral  forces  to 
'ich  other  caused  the  conception  of  the  theory,  so  the  promul- 
ation  of  the  theory  has  led  to  a  very  close  study  of  these 
jlations ;  and  the  field  is  as  rich  in  curious  and  wonderful 
xts  as  any  that  has  ever  been  explored  by  the  student  of 
ature." 


Cold,  or  the  Absence  of  Heat. 

Cold  has  no  existence  of  its  own,  but  is  merely  a  negative 
lity.    It  represents  the  absence  of  heat  to  a  greater  or  less 
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places,  which  before  the  snow  had  fallen  were  naked  and 
unworthy,  now  teem  with  good  things  brought  from  hundreds 
of  miles  away.  Snow  has  all  at  once  laid  do^vn  a  far- stretching 
raHroad,  over  which  sledges  glide  almost  "with  the  ease  and 
velocity  of  a  railway  train. 

In  certain  conditions  of  temperature,  snow  falls  as  a  pulveru- 
lent body,  in  other  conditions  as  a  flaky  amorphous  mass  ;  but 
if  very  dry  snow  be  microscopically  examined  before  it  has 
been  broken  up,  indications  of  crystalline  structure  wiU  be 
recognizable.  Sometimes  these  crystalline  snow-flakes  attain 
such  large  dimensions,  that  they  are  quite  evident  to  the  nalced 
eye.  The  crystalline  forms  thus  developed  are  numerous,  but 
they  are  all  referable  to  one  crystalline  system,  the  rhombohe^ 
dric  or  rhomhohedral;  the  characteristic  of  which  is  that  crystals 
belonging  to  it  have  three  axes  crossing  each  other  at  the  angle 
of  sixty,  and  one  axis  at  right  angles  to  these.  Scoresby,  who 
has  minutely  examined  these  snow-flakes,  describes  fom-  prin- 
cipal forms  of  snow-crystals : — Ist,  crystals  having  the  form 
of  thin  plates,  which  are  the  most  abundant ;  2nd,  surftices 
or  spherical  nuclei,  with  ramifying  branches  in  different 
planes ;  3rd,  fine  points,  or  six-sided  prisms ;  4th,  six-sided 
pyramids.  The  latter  form  is  the  least  frequent  of  all.  See 
fig.  3,  p.  8. 

Inasmuch  as  the  upper  regions  of  the  atmosphere  are  in- 
tensely cold,  there  is  an  elevation  for  every  latitude  at  which 
atmospheric  moisture  is  changed  into  snow.  This  elevation 
corresponds  with  what  is  termed  the  snow-line.  At  the 
equator  the  snow-Hne  is  elevated  from  11,000  to  12,000  feet 
above  the  sea-level.  As  we  proceed  towards  the  north,  the 
elevation  of  the  snow-line  will  evidently  be  lower.  Snow 
does  not  fall  on  level  ground  in  Europe  further  south  than 
Central  Italy ;  but  in  Asia  and  America  the  region  extends 
nearer  to  the  equator.  Through  Florence  passes  the  isothermal 
line  of  59°  Fahrenheit,  and  it  may  be  regarded  as  the  southern 
limit  of  the  region  in  which  snow  falls  on  level  places.  Snow 
does  not  usually  fall  at  the  time  of  maximum  cold;  sorac 
meteorologists  say  it  never  does  ;  but  this  is  an  error. 

After  snow  has  fallen  the  weather  generally  increases  in 
severity.  We  are  usually  in  the  habit  of  assuming  that  the 
total  quantity  of  snow  which  falls  increases  as  we  reach  either 
pole — an  assumption,  however,  which  is  only  correct  within 
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certain  limits.  Thus,  taking  the  northern  hemisphere,  for 
instance,  the  ftill  of  snow  increases  from  the  isothermal  of 

"  59°  Fahrenheit  to  the  isothermal  of  41°  Fahrenheit,  which 
latter  cuts  the  town  of  Drontheim  in  Norway.  Passing  still 
further  north,  the  quantity  of  snow  goes  on  diminishing, 
evidently  because  in  the  polar  regions  the  temperatm'e  of  the 
air  is  too  cold  to  retain  much  moisture,  and  atmospheric 

V  moisture  must  necessai'ily  be  the  antecedent  to  either  rain  or 

>  snow. 

The  atmospheric  condition  during  the  fall  of  snow  may  vary 
t  from  the  limits  of  almost  complete  tranquillity,  to  the  other 
t  extreme  of  most  violent  perturbation.  In  Germany,  and 
c  other  countries  having  a  corresponding  latitude,  the  fall  of 
ssnow  is  usually  tranquU,  except  during  the  months  of  February 
sand  March.  In  high  latitudes  snow  usually  occurs  during 
^violent  tempest-gusts,  almost  equal  sometimes  to  the  West 
1  Indian  hurricane  or  the  Chinese  typhoon.  In  Norway  these 
s  storms  are  very  frequent,  also  in  Kamtschatka;  in  which 
1  latter  region  they  are  called  purga.  They  are  veritable  thunder- 
sstorms,  as  is  completely  proved  by  the  intense  electrical  condi- 
ttion  of  the  atmosphere.  On  mountainous  elevations  snow- 
sstorms  are  commonly  prevalent,  irrespective  of  latitude. 

Ice. — As  heat  causes  the  expansion,  cold  causes  the  contrac- 
ttion  and  solidification  of  matter.    The  temperatures  at  which 
8 substances  become  solid  vaiy  much.  They  are  called  freezing- 
points  from  the  term  applied  to  the  congelation  of  water.  Ice 
'  is  a  remarkable  exception  to  the  rale  just  stated,  that  a  solid 
occupies  less  space  than  the  liquid  which  congeals  into  it.  Ice 
occupies  more  space,  and  is  specifically  lighter  than  water. 
Thus  water  rises  on  freezing  ;  a  layer  of  ice  forms  on  the  sur- 
face of  a  pond  or  river,  and  prevents  the  water  beneath  it  from 
becoming  one  solid  mass.    By  this  the  fish  and  other  inhabit- 
ants of  water  are  protected  from  utter  destruction.    Sea- water 
ntains  many  salts,  so  that  it  does  not  freeze  at  all  until  28°. 
en  lumps  of  pure  ice  separate,  and  the  salts  are  left  dis- 
Ived  in  the  remaining  water.    The  freezing  of  the  sea  takes 
place  on  an  extensive  scale  during  the  extreme  winter  cold  of 
he  Arctic  regions.    A  large  body  of  water  freezing  in  a  con- 
ned space  forms  a  mass  of  ice,  which,  by  its  own  expansion, 
is  split  up  into  pieces.    In  this  manner  are  formed  the  fan- 
tic  pinnacles  seen  in  some  of  the  great  ice-fields  or  glaciers 
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of  the  Alps,  as  in  the  lower  part  of  the  Glacier  des  Bossons  at 
Charaouiii. 


Fig.  177. 


CHAPTER  IX. 
OPTICS— LIGHT. 

That  branch  of  science  which  treats  of  the  nature  and  laws 
of  vision  is  called  optics ;  and  as  it  is  by  the  medium  of  light 
that  objects  become  visible,  the  two  subjects  naturally  become 
lilended,  and  form  most  interesting  themes  of  scientific  inquiry. 

Nature  of  lAgTit. 

Light  is  something  which  is  given  ofi'  in  straight  lines, 
in  a  radiating  manner,  with  extreme  velocity,  from  bodies 
which  are  called  luminous.  It  is  reflected  from  the  surface  of 
some  bodies,  absorbed  or  annihilated  by  others,  allowed  to  pass 
through  by  a  third  group,  undergoing  frequently  some  change 
of  direction  during  this  transmission.    It  is  imponderable, 
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md  we  have  every  reason  to  believe  it  unsubstantial.  Unlike 
i;eat,  it  enters  into  no  combination  ■with  matter,  but  ceases 
luuiediately  that  its  source  is  cut  off.  In  this  character  of 
elopeuduig  entii-ely  upon  an  active  source,  and  having  no  per- 
manent existence  of  its  own,  it  resembles  sound,  to  which  we 
shall  see  hereafter  that  it  is  probably  analogous  in  many  par- 
ticulars. Light  affects  the  sense  of  vision,  and  does  not 
impress  the  sense  of  feeling ;  in  this  again  it  differs  widely 
from  heat. 

Light  cannot  be  more  closely  defined  than  this.    As  to  its 
;  intimate  nature  we  know  little,  but  we  can  guess  more.  There 
:  are  two  theories  which  have  been  propounded  on  this  point. 
".  The  theory  of  emission  supposes  that  light  consists  of  some 
i  inconceivably  minute  particles  projected  with  immense  velocity 
{ from  luminous  bodies.    This  is  also  called  the  Newtonian 
I  theory,  but  it  was  adopted  by  Newton  simply  as  a  convenient 
I  hypothesis.    The  other  theoiy  is  called  the  undulation  theory. 
lit  substitutes  undulations  for  particles.    These  undulations  or 
vibrations  cannot  take  place  in  any  material  body,  or  in  any 
medium  with  which  we  are  acquainted,  as  light  traverses  a 
vacuum  and  passes  unopposed  through  the  regions  of  sj^ace, 
where  there  is  no  atmosphere.    As  there  must  nevertheless 
be  some  medium,  it  was  necessary  to  assume  the  existence  of 
an  imponderable  medium  of  extreme  tenuity  pervading  aU 
space.    This  hypothetical  fluid  is  called  aether.    If  we  assent 
ito  the  undulation  theory,  we  have  no  choice  but  to  acquiesce 
lin  the  supposition  of  this  fluid,  which,  ivhen  vibrating,  is  light, 
when  at  rest  is  darlcness. 

The  undulation  theory  is  the  only  one  capable  of  explaining 
"ome  curious  phenomena  of  light  lately  discovered  (see  jDara- 
2;raphs  on  interference  and  polarization).    It  accounts  in  a 
eautiful  manner  for  the  extraordinaiy  fact  that  one  ray  of 
'ight  is  capable  of  neutrahzing  another,  and  prodiicing  dark- 
laess.    The  analogous  phenomenon  in  acoustics,  that  two 
sounds  may  produce  silence,  is  at  once  suggestive  of  the  idea 
a  similarity  in  causation  between  sound  and  light. 
The  undulations  of  light  are  supposed  to  be  infijoiitoly  more 
ninute  than  those  of  sound,  and  travel  wth  a  speed  almost 
ncredible.    There  are  also  many  different  kinds  of  undula- 
.ions,  as  there  are  varieties  of  rays  of  light.    For  the  ray 
■)f  white  light  that  comes  to  us  from  the  sun  can  be  proved 
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by  a  simple  experiment  to  be  of  a  compound  nature,  and  to 
consist  of  seven  distinct  coloured  rays  amalgamated  into 
one  Avhite  one.  Of  this  important  fact  we  shall  speak  again 
directly. 

Sources  of  Light. 

To  tbis  earth  the  sun  is  the  great  source  of  light  as  well  as 
of  heat.  The  sim's  ray  contains  besides  heat  and  light,  a 
third  piinciple,  or  property,  of  chemical  excitation,  called 
actinism,  which  some  consider  to  be  a  part  of  light,  and  is 
certainly  intimately  associated  with  it.  When  the  sun  leave!:^ 
us  at  night,  light  does  not  cease  to  come  to  us  from  the  heavens, 
though  we  are  in  a  state  of  comparative  darkness.  The  light 
of  the  moon  is  that  of  the  sun  reflected  from  the  surface  of  our 
earth's  satellite.  "When  the  moon  does  not  appear,  or  when 
the  earth  lies  between  it  and  the  sun,  sunlight  is  more  faintly 
reflected  from  the  planets  of  our  system,  which  have  also  but 
a  '  borrowed  lustre.'  The  fixed  stars  shine  upon  us  by  their 
own  light,  though  from  an  enormous  distance.  Some  hght  is 
derived  more  directly  from  the  sun  by  refraction  through  the 
atmosphere  at  night-time ;  so  that  even  in  the  darkest  night 
there  is  no  absolute  darkness. 

Light  is  further  evolved  by  all  bodies  that  have  reached  a 
certain  degree  of  heat.  It  is  thought  that  the  temperature  at 
which  this  incandescence  or  luminosity  occurs,  is  about  the 
same  for  all  matter,  being  nearly  1000°  Fahrenheit.  Infusibli 
stones,  as  lime,  and  metals,  as  platinum,  evolve  light  when 
heated  to  this  point.  As  all  combustible  bodies  rise  to  about 
this  temperature  in  the  act  of  burning,  it  follows  that  light  is 
given  off  dui-ing  combustion.  In  the  combustion  of  solids, 
liquids,  and  gases,  as  wax,  tallow,  oil,  coal-gas,  lies  our  great 
soiu'ce  of  artificial  light.  By  such  means  we  may  obtain  at 
night-time  an  illumination  almost  rivalling  day  in  brilliancy. 

The  phenomena  of  phosphorescence,  as  observed  in  some 
mineral  bodies,  in  many  animals  (as  the  Medusae),  and  plant? 
(as  the  Dictamnus),  depends  probably  on  electricity.  Elec- 
tricity is  another  cause  of  light,  which  is  seen  in  a  vivid  form, 
accompanied  by  heat,  in  the  electric  spark.  By  interposing  a 
non-conducting  combustible  body,  such  as  chai'coal,  between 
the  poles  of  a  powerful  battery,  the  electric  light  is  obtained. 
The  degree  of  illumination  from  any  source  depends  upon 
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the  intensity  of  the  light  excited  in  the  luminous  body, — tlie 
ilistance  of  the  illuminating  body, — the  amount  of  absorption 
which  the  rays  undergo  in  traversing  the  intervening  media, — 
aud  the  angle  at  which  the  rays  fall  upon  the  surface  of  the 
body  illuminated. 

The  sun  produces  the  most  intense  light  of  any  body  with 
^s-hich  we  are  acquainted.  Dr.  "Wollaston  calculated  that  it 
vs  ould  require  20,000  millions  of  the  brightest  stars,  such  as 
Siiius,  to  equal  the  light  of  the  sun,  or  that  that  orb  must  be 
140,000  times  further  from  us  than  he  is  at  present,  to  be 
reduced  to  the  illuminating  power  of  Sirius ;  the  same  author- 
ityhas  determined  that  moonlight  is  801,072  times  weaker 
than  sunlight. 

The  illuminating  power  of  the  planets,  the  earth,  being  1, 
is  as  foUows : — 


1 1  win  be  understood  that  these  illuminating  powers  of  the 
[)lanets  depend  upon  the  distance  these  orbs  are  from  the  sun 
md  from  our  own  earth. 

In  artificial  light,  the  illuminating  power  is  in  exact  ratio  to 
he  quantity  of  solid  matter  which,  changes  form.  Pure 
ivdrogen  gas  has  a  veiy  small  illuminating  power ;  but  if,  by 
ussing  it  through  any  fluid  containing  carbon,  as  naphtha  or 
spirits  of  turpentine,  it  is  made  to  take  up  a  portion  of  this 
felement,  it  bums  with  great  brilliancy. 


Bodies  ai'e  said  to  be  luminous,  opake,  and  transparent. 
Luminous  bodies  are  those  which,  within  themselves,  possess 
the  property  of  exciting  the  sensation  of  light  or  vision,  as 
ihe  sun,  the  stars,  electricity,  the  fire,  the  candle,  hot  iron, 
ohosphoiTLS,  the  glow-worm,  and  others.  Some  opake  or 
Qon-luminous  bodies  have  the  power  of  shining  from  a  bor- 
-owcd  light,  as  a  polished  metal,  the  light  received  from  a 
j.uminous  body  by  it  being  reflected  to  others ;  but  without  this 
aorrowcd  light  it  would  be  dark.    Opake  bodies  prevent  light 
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from  i)assing  throngh  them.  Transparent  bodies  arc  tho.'?f' 
that  have  the  property  of  allowing  light  to  pass  througli  thein, 
as  air,  glass,  water,  &c.  They  are  sometimes  called  mediums 
by  which  light  is  transmitted.  Strictly  speaking,  substances 
are  only  transparent  through  which  light  passes  freely,  and 
objects  can  be  seen  distinctly,  as  glass,  horn,  &c.  The  term 
translucent  is  applied  to  those  that  permit  the  light  to  pass 
freelj'  through  them,  but  through  which  bodies  cannot  be  dis- 
cerned, as  ground  glass,  paper,  porcelain,  &c. 

The  salts  composed  of  metals  or  earths  with  acids,  that  con- 
stitute crystals,  are  generally  transparent ;  hut  when  crushed 
to  powder,  they  are  opake.  Metals  which  in  thick  masses 
arc  opake,  when  in  solution  may  be  beautifully  translucent ; 
or  when  some  are  reduced  to  a  thin  leaf,  they  allow  light  to 
traverse  them.  Transparent  bodies  do  not  transmit  all  the 
light  that  enters  them.  Air  arrests  a  considerable  portion  of 
light  as  it  passes  through  it ;  and  water  does  not  aUow  it  to 
penetrate  a  depth  beyond  seven  feet,  without  absorbing  one- 
half  of  its  quantity.  Practised  divers  know  that  in  the 
clearest  water  they  soon  find  darkness  as  they  descend,  and 
that  the  bottom  of  the  ocean  is  a  world  without  light. 

Velocity  of  Light. 

It  was  believed  that  the  velocity  of  light  was  instantaneous, 
until  astronomers  discovered,  in  the  eclipse  of  one  of  Jupiter's 
satellites,  that  the  motion  of  light  Avas  progTessive.  They 
watched  the  satelHte  entering  his  shadow  when  that  planet 
Avas  nearest  the  earth,  and  found  that  the  light  reflected  by  it 
look  about  33|  minutes  in  reaching  us,  and  when  furthest 
from  it  about  50  minutes;  hence  proving  that  the  rays  of 
tight  were  16|  minutes  in  travelling  the  diameter  of  the  earth's 
orbit,  or  8|  minutes  in  passing  from  the  sun  to  us,  a  distance 
of  95,000,000  miles.  Multiply  the  8|  minutes  by  60,  to 
reduce  them  to  seconds,  and  divide  the  distance  by  the  seconds, 
and  it  will  be  found  light  has  a  velocity  of  about  192,000  miles 
in  a  second. 

Peschel  obsei-ves :  "  A  cannon-ball  moving  with  a  uniform 
velocity  of  2450  feet  in  a  second,  would  be  6|  years,  and 
sound  would  be  1 4  years  in  coming  to  us  from  the  sun ;  a 
cannon-ball  moving  with  the  same  velocity  as  we  have  ab-eady 
supposed,  woiild  be  16  hours  in  travelling  round  the  circum- 
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orcnce  of  our  earth,  a  space  which  light  traverses  in  one- 
ighth  of  a  second;  the  velocity  of  Hght  must  therefore  be 
hiijf  a  million  times  that  of  a  cannon-ball,  and  more  than  a 
;uillion  times  that  of  sound.  At  the  rate  of  4  miles  in  3^ 
minutes,  being  the  speed  at  which  Brunei,  in  1841,  travelled 
'U.  the  Great  "Western  Railway,  it  Avould  require  more  than 
!  37  years  to  go  from  om-  earth  to  the  snn." 

V/hen  the  moon  is  full,  the  light  it  reflects  amounts  only  to 
about  a  hundred  thousandth  part  of  that  of  the  sun ;  its  di- 
stance is  ten  times  the  earth's  circumference,  consequently 
scai'cely  a  second  and  a  half  is  occupied  by  light  in  its  journey 
from  the  moon  to  the  earth.  From  the  planet  Neptune,  at  a 
tremendous  distance,  light  is  five  hours  in  reaching  us ;  it  is 
years  from  the  nearest  fixed  star,  and  centuries  from  the 
nearest  nebulae.  Sir  William  Herschel  stated,  when  writing 
upon  the  power  of  telescopes  to  penetrate  space,  that  the  light 
seen  by  him  at  that  time  by  means  of  his  powerful  telescope 
cannot  have  been  less  than  one  million  and  nine  hundred 
thousand  years  in  its  progress. 

Of  Shadows. 

The  rays  of  light  under  ordinary  circumstances  are  emitted 
'n  direct  lines,  as  proved  by  their  not  passing  through  a  bent 
ube ;  also,  as  the  substance  on  which  they  fall  and  the 
hadow  form  right  lines  with  the  ray.  When  light  meets 
'th  an  opake  body  through  which  it  cannot  pass,  it  is  stopped, 
and  darkness  produced  on  the  opposite  side.  This  is  a  shadow. 
Diuing  night  we  are  living  in  the  shadow  of  the  earth ;  the 
iight  from  other  bodies,  however,  prevents  total  blackness  or 
^arkness.  Thus  if  a  globe  be  held  before  a  gas-light  or  candle, 
lie -shadow  on  the  opposite  side  to  the  Ught  wUl  only  be  faint ; 
ut  if  the  gas- 
'ght  be  lowered, 
r  a  smaller  candle 
■place  the  other,  ^ 
he  shadow  will  be 
eepened,  though 
ot  entirely  dark, 
rem  the  reflexion 
)f  the  waU  or  other 

bjects.    As  in  the  case  of  the  sun  a  «  (fig.  178)  to  the  earth, 
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a  large  luminous  body  illuminating  a  small  opake  one  c,  the 
shadow  e  e  produced  gradually  tapers  off  to  a  small  point  d. 
But  when  the  luminous  body  a  (fig.  179)  is  smaller  than  the 
opake  one  6,  the  shadow  _..  ' 

c  d  will  gradually  in-   ,^  -j"     '  | 

crease  in  size.    This  ^   — 

may  be  familiarly  il-   J__ 

lustrated  in  a  room  with 
a  candle  :  if  the  candle  """"j 
be  at  some  distance  Fig.  179. 

from  a  person  who  is  between  it  and  the  wall,  the  shadow 
will  be  about  the  same  size  as  the  person's  body ;  but  as  the 
candle  is  brought  nearer  to  him,  the  shadow  will  be  enlarged. 
If  two  candles  be  placed  in  different  directions  beyond  an 
opake  body,  there  then  will  appear  two  shadows ;  if  three, 
three  shadows ;  and  so  on. 

There  is  this  singular  property  in  the  rays  of  light,  that 
they  pass  directly  on- 
ward in  a  straight  line, 
crossing  each  other  in 
every  direction,  but 
never  interfering  the 
one  with  the  other. 
Thus,  as  shown  in  the 
illustration  (fig.  180), 
the  light  fi'om  three 
candles  cross,  the  one 
proceeding  in  a  line, 
and  the  others  at 
angles;  and  each  re- 
flects different  faint 

shadows  of  the  object  /'  "'^ 

placed  in  the  centre. 
The  small  triangle  just 
beyond  the  little  arrow 
or  figure  will  be  a 
strong   shadow,  be- 
cause in  that  part  no  Fig.  180. 
light  from  any  of  the  candles  reaches  there,  being  obstructed 
by  the  figure  and  enclosed  by  the  lines  indicating  the  shadows 
from  the  three  candles. 
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If  a  hole  be  made  through  a  partition,  and  six  or  more 
candles  be  placed  on  one  side  of  it,  the  rays  from  each  will 
pass  through  the  hole  and  cross  each  other,  reflecting  the  light 
of  each  on  a  part  of  that  apartment  where  the  candles  are  not. 


Fig.  181. 

This  is  iUustrated  ia  fig.  181,  where  a,  b,  c,  cl,  and  e  are  candles 
placed  at  one  side  of  a  shutter  or  waU  fg,  the  rays  from  which 
candles  pass  through  the  aperture,  and  are  reflected  on  the 
waU  at  the  points  h,  i,  Jc,  I,  and  m. 

The  sun  in  the  early  morning  and  again  when  departing  in 
the  evening,  causes  long  shadows  to  be  thrown  from  opake 
bodies;  but  when  nearly  vertical,  at  noon,  the  shadows  are 
smaU. 

An  eclipse  of  the  moon  occurs  by  her  passing  through  the 
long  shadow  of  the  earth,  i.  e.  when  the  earth  is  between  the 
moon  and  the  sun. 

Diminution  of  Light  by  Distance. 

The  rays  of  light  diminish  in  intensity  according  to  distance, 
in  correspondence  with  the  law  that  governs  many  forces,  and 
radiating  inlluences  in  general.  Light  diminishes  as  the  square 
of  the  distance  increases,  in  the  proportion  of  1,  4,  16,  &c.  to 
the  distances  1,  2,  3,  4,  &c.  Its  volume  at  the  same  time 
increases ;  for  if  a  candle  be  lighted  on  a  dark  night  and  placed 
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in  an  open  prominent  position,  the  light  will  fill  a  sphere  of  a 
mile  in  diameter.  The  number  of  distinct  rays  must  baffle  all 
attempts  at  calculation ;  for  were  the  entire  space  covered  with 
eyes,  all  would  receive  a  portion  and  become  sensible  of  its 
presence.  The  vaiious  planets  receive  heat  and  light  according 
to  their  distance  from  the  sun's  rays. 

'  liejiexion  of  Light. 

All  bodies  that  are  visible  reflect  light,  in  other  words,  cause 
a  ray  to  turn  back  or  rebound  from  their  sui'face  when  it 
impinges  upon  them.  It  is  by  the  entrance  into  the  eye  of 
these  reflected  rays  that  an  object  is  seen.  A  perfectly  trans- 
parent object  would  be  invisible.  Many  transparent  bodies, 
as  glass  and  water,  reflect  a  part  of  the  light  that  falls  on  them. 
Water  also  absorbs  a  part.  Anything  that  entkely  absorbs 
light  is  opake  and  hlach.  Anything  that  entirely  reflects  light 
is  white,  or  destitute  of  colour.  Colours  are  produced,  as  will 
be  explained  presentl}'',  by  a  breaking  up  of  the  ray  of  white 
light,  of  which  a  coloiu"ed  body  reflects  a  part  and  absorbs 
another  part. 

The  law  that  regulates  the  line  of  reflexion  is  the  same  as 
that  which  applies  to  motion — the  angle  of  reflexion  is  equal 
to  the  angle  of  incidence  of  the  ray  of  light.  With  whatever 
obliquity  the  light  sti'ikes  on  a  plane  surface,  with  the  same 
obliquity  is  it  reflected  from  it  in  another  direction.  Most 
bodies  have  rough  surfaces,  made  of  an  immense  number  of 
planes.  These  scatter  light,  by  sending  back  the  rays,  so  that 
they  cross  in  all  directions.  Smooth  or  polished  bodies  have 
only  one  sui'face.  This  reflects  light  in  one  dii-ection,  so  as  to 
afford  to  the  eye  an  image  of  any  object  before  them.  Of  such 
surfaces,  of  metal  or  glass,  are  formed  mirrors  or  specida. 
Persons  standing  before  a  looking-glass,  see  the  figiu-e  of 
themselves  apparently  as  far  behind  the  glass  as  they  are 
before  it ;  this  is  from  the  ray  having  to  travel  from  the  person 
to  the  glass,  then  from  the  glass  to  the  eye,  and  thus  the 
distance  is  measured  twice  over,  and  the  figure  seems  as  far 
behind  the  glass  as  the  figure  in  front  is  distant  from  it. 
Persons  may  see  full-length  figiu-es  of  themselves  in  a  glass 
which  is  not  more  than  half  the  length  of  their  bodies.  Thus 
a  young  lady  a  b  (fig.  182),  an:xious  to  see  the  efi^ects  of  a  new 
dress,  standing  before  the  looking-glass  g  g,  will  see  its  suit- 
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ibleness  at  CD;  for  the  ray  passing  from  her  eye  falls  per- 

/ 

/ 


a  c       /  c. 


Fig.  182. 

jpendicularly  on  the  mirror  g,  g,  and  is  reflected  back  in  the 
>same  line  to  the  eye,  and  has  travelled  through  a  distance 
t  cqnal  to  a  o ;  but  the  ray  proceeding  from  her  feet  b,  which 
1  fails  obliquely  on  the  glass,  Tvill  be  reflected  in  the  line  to 
tthe  eye  ;  but  as  we  view  objects  in  the  direction  of  the  reflected 
rrays  which  reach  the  eye,  and  the  figure  at  the  same  distance 
1  behind  the  mirror  as  the  person  is  before  it,  we  must  continue 
tthe  hne  a  ^  to  n,  and  the  line  a  o  to  c,  where  the  figui-e  is 
rrepresented  in  the  glass.    The  line  ^  d  is  equal  to    b  ox  g  k, 
and  the  line  o  g,  which  represents  the  length  of  the  lookiag- 
glass,  is  half  the  line  a  b,  which  represents  the  height  of  the 
ady. 

"\Mien  we  move  backward  from  a  looking-glass  the  figure 
seems  to  retire,  and  when  we  approach  towards  a  glass  the 
image  seems  to  come  forward ;  but  with  a  velocity  in  both 
instances  apparently  twice  that  of  your  own  movement,  because 
the  eye  is  affected  wdth  the  motions  both  of  the  body  and  the 
'mage,  which  are  equal  and  contrary. 

Rays  of  hght  falling  on  glass  pass  through  it,  as  we  have 
hown ;  but  when  a  coating  of  mercury  is  applied  to  one  of 
(the  surfaces,  the  rays  are  arrested  and  reflected  ;  thus  then,  it 
is  not  the  glass  but  the  mercury  that  reflects  the  rays  which 
(form  the  image.    Had  mercuiy  not  been  fluid,  it  would  have 
formed  a  better  mirror  without  the  glass  than  with  it.  The 
finest  glass  manufactured  is  not  perfectly  transparent,  nearly 
alf  the  hght  being  either  absorbed  or  irregidarly  reflected 
om  the  inaccuracy  of  the  polish ;  this  accounts  for  the  image 
never  being  so  bright  as  the  object. 
Few  persons  thmk,  when  they  look  at  and  feel  glass,  that 
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the  surface  possesses  such  an  inequality  as  to  make  it  reflect 
rays  with  considerable  irregularity ;  but  such  being  the  case, 
opticians  who  have  devoted  themselves  to  the  construction  of 
superior  astronomical  instruments,  and  experimented  on  various 
substances,  find  a  mixed  metal,  close  in  texture,  little  porous, 
and  susceptible  of  a  high  polish,  the  best  adapted  for  mirrors. 

A  concave  mii-ror  is  formed  of  a  portion  of  the  internal 
surface  of  a  hollow  sphere ;  when  parallel  rays  fall  upon  it, 
they  are  reflected,  and  converge  to  a  point  at  half  the  distance 
of  the  surface  of  the 
mirror  from  the  centre 
of  its  concavity. 

If  the  three  parallel 
rays  ab,  c  o  d,  ef  (fig. 
183)  fall  on  the  con- 
cave mirror  gh,  the 
middle  ray  -will  be 
reflected  in  a  straight 
line  DOC,  as  it  is  in 
the  direction  of  the 
axis  of  the  mirror. 
A  B  and  E  F,  falling 
obliquely  on  the  mir- 
ror, are  reflected  ob-  Fig.  183.  3? 
liquely  to  o.  Then  o  d  will  be  found  to  be  equal  to  o  c,  or  the 
half  of  0  D.  The  dotted  lines,  it  will  be  observed,  exactly 
divide  the  angles  of 
incidence  and  re- 
flexion, and  the  two 
oblique  rays  meeting 
at  0  make  these  an- 
gles equal.  This,  ( 
then, is  the  true  focus 
at  which  parallel  rays 
unite,  for  the  more 
distant  the  rays  the 
more  obliquely  they 
fall,  the  more  ob- 
liquely are  they  re- 

fleeted.  ^'^-^^ 

When  a  concave  mirror  is  turned  opposite  a  celestial  object. 
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;  he  rays  proceeding  from  it  are  pai'allel  to  one  another,  and 

the  image  of  the  star,  moon,  or  sun  will  be  at  o,  half-way 

between  the  mirror  and  its  centre  of  concavity ;  but  the  image 
A-iU  be  an  inverted  one,  as  the  rays  cross  each  other.  It  is  uni- 
.  orsally  the  case  that  the  imago  fox-med  by  a  mirror  is  inverted, 
f  the  rays  after  reflexion  converge  to  an  actual  focus.  Thus  w 
tig.  184)  is  the  concave  mirror,  i  the  candle,  and  g  the  image 
f  the  candle  inverted. 
If,  however,  the  candle 

he  moved  nearer  to  the 

mirror  than  the  centre  of 

concavity,  then  the  image 

win  not  only  be  erect,  but 

also  mag-nified. 
The  diagram  (fig.  185) 

illustrates    the  different 

effects  of  convergent  and 

divergent  rays  on  a  con- 
rave  mirror.    When  rays 

fall  convergent,  they  are 

sooner  brought  to  a  focus, 

as  seen  in  the  full  lines ; 

l»ut  when  divergent,  as 

--ho^vn  in  the  dotted  lines, 

the  focus  is  at  a  greater 

distance  than  with  con- 
vergent or  parallel  rays. 


Fig.  185. 


Pig.  186. 
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A  concave  mirror  may  then  simply  be  said  to  magnify,  be- 
cause the  rays  coming  from  an  object  and  falhng  on  the  glass 
appear  to  the  eye  placed  in  the  focus  to  diverge  to  a  great 
■extent  behiad  the  glass  when  viewed  in  front. 

A  convex  mirror  is  a  part  of  the  exterior  surface  of  a  sphere ; 
and  as  the  rays  from  it  diverge,  the  images  it  produces  are 
dimiaished.  If  three  parallel  rays  ahc  (fig.  186)  fall  on  a 
convex  mirror,  b,  being  at  the  axis,  proceeds  straight  onward 
to  m  the  centre  of  the  sphere ;  but  a  and  c  falling  obliquely, 
are  reflected  obliquely  to  de;  now  as  all  things  are  seen  in  the 
direction  of  the  reflected  rays,  the  image  presented  by  this 
miiTor  would  be  the  same  as  if  it  was  placed  at  /,  the  focus  of 
a  concave  mirror  of  the  same  spherocity. 

A  convex  mirror  diminishes  the  object,  which  invariably 
appears  beyond  the  mirror,  in  its  natui'al  position,  and  smaller 
than  the  reality :  the  further  the  object  is  from  the  mirror,  and 
the  less  the  radius  of  the  latter,  the  smaller  will  be  the  object, 
as  in  fig.  187. 


An  image  thrown  upon  a  mirror  may,  by  employing  more 
mh'rors  in  an  inclined  position  opposite  each  other,  be  multi- 
plied many  times  and  changed  as  often  in  every  direction.  To 
exhibit  this  there  is  an  instrument  made,  called  the  magic 
perspective  :  it  consists  of  a  tube  having  a  di-^dsiou  through  the 
middle ;  and  the  experimenter  being  told  to  place  a  book  or 
piece  of  board  in  this  division  so  as  completely  to  obstmct 
seeing  directly  to  the  end,  then  to  hold  a  coin  or  any  tiling 
else  at  one  end,  and  look  through  the  other,  is  surprised,  if 
uninitiated  in  the  secret,  at  distinctly  seeing  the  coin,  as  he 
supposes,  through  the  book  or  board. 
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Letabcdefgh  (fig.  188)  be  the  perspective  tube,  and  bfcg 
the  opening  in  which  the  book  or  board  is  placed,  i  the  eye, 
and  k-  the  coin.  Then  at  I  m  there  is  an  opening  into  another 
tube  I n  0  m ;  and  atlno m  are  placed  looldng-glasses  at  angles 


Fig.  188. 

of  45  degrees  with  the  side  of  the  tube,  and  the  reflected  ray 
proceeds  in  the  coui'se  of  the  arrows,  and  the  reflexion  of  the 
image  falling  on  m  is  again  reflected  to  o,  from  o  to  w,  from 
» ■»  to  I,  and  from  I  to  the  eye,  while  all  the  time  it  appears  to 
ccome  in  a  straight  line  through  the  book. 

k  highly  polished  metallic  concave  mirror,  when  exposed  to 
Lthe  sun,  on  collecting  the  rays  to  a  focus,  so  concentrates  the 
hheat  that  it  is  designated  a  burning  mirror,  and  possesses  the 
iproperties  of  a  burning-glass. 

TJie  Kaleidoscope. 

When  Sir  David  Brewster  first  exhibited  the  simple  and  beau- 
ful  httle  instrument  named  the  Iccdeidoscope,  it  excited  the 
attention  of  every  one,  and  was  as  much  the  subject  of  con- 
rersation,  interest  and  amusement  in  family  cu'cles  as  the 
iitereoscojje  has  become  since.    The  kaleidoscope  delighted  from 
le  variety,  beauty,  and  arrangement  of  coloured  artistic 
gns;   presenting  innumerable   changes,  that  with  the 
ightest  movement  "  come  Hke  shadows  and  so  depart ;  "  the 
idustrial  decorator  derived  from  it  many  valuable  hints,  and 
i  was  an  endless  amusement  to  youth.    It  consists  of  a  tin 
ibe  about  ten  inches  long  and  from  two  to  three  inches  wide, 
blackened  inside,  and  three  pieces  of  looking-glass,  or  glass 
fainted  black  on  one  surface ;  these  are  placed  in  the  tube  at 
angle  of  60  degrees.    One  end  of  the  txibe  is  covered  with 
cap  having  a  small  hole  to  look  through  ;  the  other  end  has 
l;  piece  of  common  window-glass,  held  in  its  place  by  a  hoop 
rf  wire  before  and  behiad  it.    Another  cap  at  the  further  end 
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has  a  piece  of  ground  glass,  and  when  fitted  on  there  is  a  space 
of  about  a  quarter  of  an  inch  between  the  common  glass  of  the 
tube  and  the  ground  glass  of  the  cap ;  in  this  space  are  placed 
coloured  beads,  pieces  of  glass,  or  other  colom-ed  transparent 
objects.  This  end  being  held  to  the  light,  and  the  eye  at  the 
opposite  hole,  the  pieces  of  coloured  glass  between  the  angles 
of  the  reflectors  are  reflected  five  times,  and  a  beautiful 
variegated  star  having  six  sides  or  angles  meets  the  eye  of 
the  observer.   The  Behusscope  is  a  kaleidoscope  of  another  form. 

Refraction  of  Light. 

"We  have  observed  that  opake  bodies  generally  reflect  Ught, 
and  transparent  bodies  transmit  it ;  but  when  a  ray  of  light 
enters  a  transparent  mass,  that  is,  passes  from  one  medium 
into  another,  in  an  oblique  direction,  the  direction  of  the  ray 
is  changed  both  on  entering  and  leaving  :  this  is  called  refrac- 
tion. In  the  valuable  treatise  on  this  subject  by  Dr.  Arnott, 
he  remarks,  "  But  for  this  fact,  which  to  many  persons  might 
at  first  appear  a  subject  of  regret,  as  preventing  the  distinct 
vision  of  objects  through  all  transparent  media,  hght  could 
have  been  of  little  utility  to  man.  There  could  have  been 
neither  lenses  as  now,  nor  any  optical  instruments,  as  tele- 
scopes and  microscopes,  of  which  lenses  form  a  part ;  nor  even 

k 


the  eye  itself,"  Rays  of  light  falling  pei^pendiculai'ly  upon  a 
surface  of  glass  or  other  transparent  substances,  pass  through 
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ithout  being  bent  from  the  original  line  of  their  direction, 
L'hus,  if  a  ray  passes  from  Tc  (fig.  189)  perpendicularly  to  the 
■. irface  of  the  piece  of  glass  at  e,  it  will  pass  to  A  in  the  i-ight 
:ne  h,  e,  o,  (j,  h.    But  if  the  same  ray  be  directed  to  the  sui-face 
(  obliquely,  as  from  a,  instead  of  passing  thi'ough  in  a  direct 
ue  to  &  in  the  direction  a,  e,  m,  h,  it  wiU  be  refracted  to  d,  in 
direction  approaching  nearer  to  the  perpendicular  Hne  7c  h. 
ae  ray  a  c  is  termed  the  ray  of  incidence,  or  the  incident  ray ; 
id  the  angle  a  eh  which  it  makes  with  the  perpendicular  7c 7i 
^  caUed  the  angle  of  incidence.    That  pai't  of  the  ray  from  e 

>  d  passing  through  the  transparent  medium  is  called  the  ray 
f  refraction,  or  the  refracted  ray ;  and  the  angle  deg  which 

makes  with  the  perpendicular  is  called  the  angle  of  refrac- 
on.  The  ray  pi'ojected  fi'om  a  to  e  and  refracted  to  d,  in 
issing  out  of  the  transparent  medium  as  at  d,  is  as  much 
•at  from  tlie  line  of  the  refracted  ray  e  d,  as  that  was  fi'om 
ic  line  of  the  original  ray  a  eh;  the  ray  then  passes  from  d 

>  c,  parallel  to  the  line  of  the  original  line  aeb.    It  foUows^ 
:ion,  that  any  ray  passing  through  a  transparent  medium^ 
rhose  two  surfaces,  the  one  at  which  the  ray  enters  and  the 
:ie  at  which  it  passes  out,  are  parallel  planes,  it  is  fii-st  re- 
•acted  from  its  original  eourae ;  but  in  passing  out,  is  bent 
to  a  line  parallel  to  and  running  in  the  same  direction  as  the 
iginal  line,  the  only  difference  being  that  its  course  at  this 
ige  is  shifted  a  little  to  one  side  of  that  of  the  original.  If 
om  the  centre  e  a  circle  be  described  with  any  radius,  as  d  e, 
iC  arc  g  m  measures  the  angle  of  incidence  gem,  and  the  arc 

'  I  the  angle  of  refraction  g  ed.  A  line  m  o  drawn  from  the 
int  m  perpendicular  to      is  called  the  sine  of  the  angle  of 

icidence,  and  the  line  dg  the  sine  of  the  angle  of  refi-action. 

rem  the  conclusions  di'awn  from  the  principles  of  geometry, 
has  been  discovered  by  learned  men,  that  when  a  ray  passes 
)m  any  one  into  any  other  particular  transparent  substance, 

te  sine  of  the  angle  of  incidence  m  o  has  always  the  same 

itio  to  the  sine  d  g  of  the  angle  of  refraction,  no  matter  what 

■  the  degree  of  obliquity  with,  which  the  ray  of  incidence  a  e 
projected  to  the  surface  of  the  transparent  medium.    If  the 

ly  of  incidence  passes  from  air  obliquely  into  water,  the  sine 
incidence  is  to  that  of  refraction  as  4  to  3 ;  if  it  passes 

om  air  into  glass,  the  proportion  is  as  3  to  2  j  and  if  from  air 
lo  diamond,  it  is  as  5  to  2. 


290 


OPTICS — LIGHT. 


It  is  important  to  remark,"  says  Dr.  Amott,  "  that  for 
'the  same  substance,  whatever  relation  holds  between  the 
'Obliquity  of  a  ray  and  the  refraction  in  any  one  case,  the  same 
^holds  for  all  cases.    If,  for  instance,  where  the  obliquity  as 
••■measiired  by  its  sine  is  40,  and  the  refraction  is  half  or  20, 
then  in  the  same  substance  an  obliquity  of  10  wiU  occasion  a 
^refraction  of  5,  and  an  obliquity  of  4  will  occasion  a  refraction 
of  2,  and  so  on.    As  a  general  rule,  the  refractive  power  of 
>transparent  sixbstanccs  or  media  is  proportioned  to  their 
densities.    It  increases,  for  instance,  through  the  list  of  air, 
water,  salt,  glass,  etc.    But  Newton,  while  engaged  in  his 
experiments  upon  the  subject,  observed  that  inflammable 
bodies  had  greater  refractive  power  than  others  ;  and  he  then 
hazarded  the  conjoctiu'e,  almost  of  inspired  sagacity,  and 
Avhich  chcmistrj'  has  since  so  remarkably  verified,  that  dia- 
mond and  water  contained  inflammable  ingredients.    We  now 
linow  that  diamond  is  merely  crystallized  carbon,  and  that 
water  consists  altogether  of  hydi'ogen,  or  inflammable  aii",  and 
oxygen.     Diamond  has  nearly  the  greatest  light-ben diag 
power  of  any  known  substances,  and  hence  comes  in  part  its 
brilliancy  as  a  jcAvel.    No  good  explanation  has  been  given  of 
"the  singular  fact  of  refraction ;  but  to  facilitate  the  conception 
and  remembrance  of  it,  we  say  that  it  iiappens  as  if  it  were 
owing  to  an  attraction  between  the  light  and  the  refracting 
body  or  medium." 

Vision  defective  tlirougli  Refraction. 

It  ought  always  to  be  borne  in  mind  "  that  we  see  every 
thing  by  means  of  the  rays  of  light  which  proceed  from  it." 

There  is  another  axiom  in  optics  to  be  remembered,  which 
is,  that  "  we  see  every  thing  in  the  dii'ection  of  that  line  in 
which  the  rays  approach  the  eye  last."  This  is  popularly 
illustrated  by  placing  a  piece  of  silver  coin  in  an  empty  basin 
and  retiring  till  the  edge  of  the  basin  prevents  it  being  seen ; 
another  person  then  pouring  water  into  the  basin  gently,  so 
as  not  to  disturb  the  coin,  it  wiU  come  again  into  view  of  the 
■person  who  retired  from  it.  If  the  eye  be  at ;/  (fig.  190)  and  the 
vcoin  at  c,  when  the  basin  is  empty,  the  rays  of  light  flowing  from 
c  must  go  in  the  direction  of  c  A  g,  for  then  they  cannot  go  in 
the  direction  of  h  g,  the  side  of  the  basin  preventing  the  eye 
from  seeing  the  place  of  the  coin  c.    But  as  soon  as  water  is 
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jtourcd  into  the  vessel,  the  coin  becomes  visible  by  the  refrac- 
tion of  the  ray ;  it  is  not  seen  in  the  situation  which  it  rcaUy 


Fig.  190. 

occupies,  but  an  image  of  it  higher  up  in  the  basin ;  for  as 
objects  appear  to  be  situated  in  the  direction  of  the  rays  which 
atcr  the  eye,  the  coin  will  be  seen  in  the  direction  of  the 
t  efracted  ray  g  h  e.  This  also  exemplifies  that  rays  of  light 
entering  from  a  denser  to  a  rarer  atmosphere  are  bent  from 
the  direct  hne. 

It  is  this  deception  on  the  vision  that  causes  the  bottom  of 
\  place  in  which  there  is  clear  water  to  appear  nearer  the 
•airface  than  it  really  is.  "We  may  remark,  however,  this 
lifFerence  as  regards  the  illustration  we  have  given  of  the  coin, 
:hat  the  formation  of  an  image  above  the  true  place  of  the  body 
loes  not  depend  on  the  situation  of  the  eye ;  for  when  we  look 
it  the  bottom  of  a  clear  river 
jr  pond  perpendicularly,  then 
t  appears  in  itsnatural  depth, 
because  there  is  no  refraction; 
Hit  if  we  look  in  another  c 
;irection,  the  rays  which  it  v 
eflects  are  refracted  in  their 
massage  from  the  water  into 
he  air,  which  causes  the 
)ottom  to  appear  nearer  the  Fig.  191. 

urface,  and  consequently  the  water  more  shallow. 

v2 
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Thus  we  shoiild  not  be  able  to  perceive  the  object  m  in  the 
vessel  V  v'  (fig.  191),  if  the  latter  were  empty,  and  the  eye 
situated  at  o.  Upon  water  being  poured  into  the  vessel,  the 
rays  passing  from  ??i  to  i  i  are  refracted  on  emerging  from  the 
water,  and  the  object  ^vill  now  appear  to  the  eye  to  be  at  n, 
much,  higher  than  its  real  position. 

A  stick  (fig.  192)  plunged  into  water  in  any  direction  except  the 
perpendicidar    will  ~ 
appear  bent. 

The  angler  when. 
he  dips  his  rod  in 
the  stream  sees  it 
twisted,  and  can 
onlj'  judge  of  its 
position  from  that 
portion  which  is  out 
of  the  water.   ^— —  ' 

The  oars  of  a  boat  ^'g-  ^92. 

appear  broken  at  the  part  that  touches  the  water.  The  image 
of  the  ])osition  in  the  water  seems  apparently  formed  above  the 
object  itself. 

In  spearing  salmon  or  eels  the  experienced  fisherman  allows 
for  this  deception  of  vision,  as  the  sportsman  calculates  distance 
when  he  fires  at  a  bird  flying  in  the  air. 

Like  every  other  provision  of  Providence  for  man,  this  re- 
fractive phenomenon  is  beneficial.  When  light  leaves  unknown 
space  and  enters  our  aerial  atmosphere,  it  is  refracted ;  and 
tliis  prevents  our  seeing  the  heavenly  bodies  in  their  real 
position,  seeming  to  be  a  little  higher  than  they  really  are, 
excepting  when  directly  over  oui*  heads. 

Thus  it  is  Ave  do  not  see  the  sun  and  moon  in  the  places  where 
they  really  are  situated.  To  a  person  on  the  earth  at  E  (fig. 
193),  the  sun,  moon,  or  star  that  is  at  S  appears  as  if  at  C,  from 
the  rays  that  proceed  from  S,  entering  the  atmosphere  sur- 
rounding the  earth  at  R,  being  bent.  The  ray  coming  in  a 
line  from  A  to  D  seems  to  the  eye  to  come  from  B,  although 
in  reality  it  comes  from  A,  and  is  bent  at  D  to  the  line  ending 
at  E.  Erom  this  circumstance  we  see  the  image  of  the  sim 
before  the  sun  itself;  and  have  added  to  the  length  of  our  days 
both  the  morning  dawn  and  the  evening  twilight.  Were  it 
otherwise,  we  should  suddenly  pass  from  a  glare  of  light  into 
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•itense  darkness,  which  might  be  injurious  to  the  eye,  and 
iroduce  many  evils,  of  which,  under  the  present  wise  and  kind 


Pig.  193. 

rdination,  we  are  happily  unconscious.    If  the  sun  were 
mmediately  over  our  heads,  then  the  rays  would  proceed  in  a 
traight  line  without  being  refracted,  and  we  should  see  it  in 
ts  actual  position,  which  is  sometimes  the  case  in  the  torrid 
me.    Still  this  must  be  remembered,  that  as  we  receive  the 
y  of  the  sun  eight  and  a  quarter  minutes  after  it  has  left  its 
onrce,  the  sun  must  have  shifted  its  position  ere  it  is  observed, 
■Jierefore  we  see  it  at  the  place  where  it  was  when  the  rays 
■ft  to  proceed  on  their  journey.    In  these  remarks  we  have 
oken  of  the  apparent  motion  of  the  sun,  produced  by  the 
Uumal  rotation  of  the  earth;  but  the  effect  would  have  been 
he  same  whether  the  sun  or  the  earth  moved,  and  hence  we 
ave  refeiTed  to  the  subject  as  things  seem  to  be. 
A  knowledge  of  the  laws  of  refraction  explains  that  which 
ad  often  been  a  subject  of  wonder  and  fear  to  the  ignorant, 
generally  known  by  the  term  mirage,  which  is  a  reflexion  or 
•efraction  of  distant  lands,  cities,  and  vessels  in  the  heavens. 
^  some  countries  these  appearances  are  of  frequent  occurrence, 
sing  from  the  atmosphere  between  the  eye  and  the  object 
eing  more  rarefied  or  dense  in  one  part  than  in  another. 
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Captain  Scoresby  relates  that  he  once  saw  his  father's  ship 
inverted  in  the  air  when  really  it  was  below  the  horizon.  The 
Captain  says,  "  It  was  so  well  defined,  that  I  could  distinguish 
by  a  telescope  every  sail,  the  general  rig  of  the  ship,  and  its 
particular  character,  insomuch  that  I  confidently  pronounced 
it  to  be  my  father's  ship,  the  '  Fame,'  which  it  afterwards  proved 
to  be ;  though,  on  comparing  notes  with  my  father,  I  foimd 
that  our  relative  position  at  the  time  gave  our  distance  from 
one  another  very  nearly  thirty  miles,  being  about  seventeen 
miles  beyond  the  horizon,  and  some  leagues  beyond  the  limit 
of  cUi'ect  vision.  I  was  so  struck  with  the  peculiarity  of  the 
circiimstancc,  that  I  mentioned  it  to  the  ofiicer  of  the  watch, 
stating  my  full  conviction  that  the  '  Tame '  was  then  cruising  in 
the  neighbouring  inlet." 

The  supposed  supernatural  appearance  of  the  spectre  ship 
known  to  sailors  as  the  *  Flying  Dutchman,'  may  perhaps  be 
explained  in  some  such  way. 

There  arc  numerous  weU-attested  facts  of  distant  objects 
being  seen  close  at  hand,  and  of  gigantic  figures  in  fogs  and 
mists,  arising  from  a  reflexion  in  the  atmosphere.  The  follow- 
ing account  of  the  singular  phenomenon  called  the  Spectre  of 
the  Brockcn,  in  the  Hartz  Mountains  in  Germany,  is  given  by 
Mr.  Hane : — 

"  The  sun  arose  about  four  o'clock,  and  the  atmosphere 
being  quite  serene,  towards  the  east  his  rays  could  pass  without 
any  obstniction  over  the  Heinrichshohe.  In  the  south-west,, 
however,  towards  Achtermannshohe,  a  brisk  west  wind  carried 
before  it  thin  transparent  vapours,  which  were  not  yet  con- 
densed into  thick  heavy  clouds. 

"  About  a  quarter  past  four  I  went  towards  the  inn,  and 
looked  round  to  see  whether  the  atmosphere  would  pennit  me 
to  have  a  free  prospect  to  the  south-west ;  when  I  observed  at 
a  very  great  distance,  towards  Achtermannshohe,  a  human 
figure  of  a  monstrous  size.  A  violent  gust  of  wind  having 
almost  carried  away  my  hat,  I  clapped  my  hand  to  it  by 
moving  my  arm  towards  my  head,  and  the  colossal  figure  did 
the  same. 

"  The  pleasure  which  I  felt  on  this  discovery  can  hardly  be 
described ;  for  I  had  already  walked  many  a  weary  step  in  the 
hopes  of  seeing  this  shadowy  image,  without  being  able  to 
gratify  my  curiosity.    I  immediately  made  another  movement 
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by  bending  my  body,  and  the  colossal  figure  before  me  repeatecb 
it.  I  was  desii'ous  of  doing  the  same  thing  once  more,  but 
my  colossus  had  vanished.  I  remained  in  the  same  position, 
waiting  to  see  whether  it  would  return,  and  in  a  few  minutes 
it  again  made  its  appearance  on  the  Achtermannshohe.  I  paid 
my  respects  to  it  a  second  time,  and  it  did  the  same  to  me.  I 
then  called  the  landlord  of  the  Brocken;  and  having  both, 
taken  the  same  position  which  I  had  taken  alone,  we  looked 
towards  the  Achtermannshohe,  but  we  saw  nothing.  We  had> 
not,  however,  stood  long,  when  two  such  colossal  figm-es  were- 
formed  over  the  above  eminence,  which  repeated  our  compli- 
ments by  bending  their  bodies  as  we  did,  after  which  they 
vanished.  We  retained  our  position,  kept  our  eyes  fi.xed  on 
the  same  spot,  and  in  a  little  time  the  two  figures  again  stood 
before  us,  and  were  joined  by  a  third.  Every  movement  we 
made  by  bending  our  bodies,  these  figures  imitated,  but  with 
this  difference,  that  the  phenomenon  was  sometimes  weak  and. 
faint,  sometimes  strong  and  well-defined.  Having  thus  hai 
an  opportunity  of  discovering  the  whole  secret  of  this  pheno- 
menon, I  can  give  the  following  information  to  such  of  my 
readers  as  may  be  desirous  of  seeing  it  themselves. 

*'  When  the  rising  sun — and  according  to  analogy  the  case- 
will  be  the  same  as  the  setting  sun — throws  his  rays  over  the 
Brocken  upon  the  body  of  a  man  standing  opposite  to  fine 
light  clouds  floating  around  or  hovering  past  him,  he  need 
july  fix  his  eyes  steadfastly  upon  them,  and  in  all  probability 
he  will  see  the  singular  spectacle  of  his  own  shadow,  extend- 
ing to  the  length  of  five  or  six  hundred  feet,  at  the  distance  of 
..bout  two  miles  before  him." 

Lenses. 

We  now  come  to  the  account  of  those  useful  optical  instru— 


Fig.  194. 

ments,  the  proper  construction  of  which  gives  them  value,  and 
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which  are  called  lenses.  They  consist  of  glass  ground  to 
particular  forais  (fig.  194),  best  suited  to  collect  and  disperse 
rays  of  light.  The  effect  of  any  lens  upon  the  ray  of  light 
may  always  be  discovered,  if  it  be  borne  in  mind  that  on 
entering  glass  from  air  the  ray  is  bent  towards  the  peri>endi- 
cular  to  the  siu-face,  and  on  emerging  into  air  from  glass,  it  is 
again  bent  from  the  perpendicular  to  tlie  surface. 

A  plano-convex  lens  (fig.  195)  has  one  side  flat,  and  the 
other,  6  c,  convex.  The  axis  of  a 
lens  is  a  line  passing  through  its 
centre,  as  a  d.  When  rays  ap- 
proach each  other  to  meet  at  one 
.spot,  they  are  said  to  converge ; 
thus  the  parallel  rays  b  u  b  b  (fig. 
196)  passing  through  the  plano- 
convex lens  D,  converge  until  they 
meet  at  c ;  if  the  light  were  rc- 
vei"scd,  and  c  was  a  candle,  then 
the  rays  would,  as  it  were,  retreat 
from  each  other  in  approaching 
the  lens,  and  be  said  to  diverge. 
0  is  termed  the  focus  of  the  lens  n, 


a. 


Fig.  196. 

for  the  parallel  lines  passing  through  it  all  meet  there.  The 
distance  of  the  focus  from  the  centre  or  middle  of  the  glass 
may  be  known  by  drawing  a  circle  around  it,  as'  it  is  equal  to 
the"  diameter  of  the  sphere  of  which  the  convex  surface  forms 
a  part.    Eays  of  light  passing  out  of  a  rarer  to  a  denser 
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medium  incline  to  the  perpendicular  to  the  surface,  so  that  the 
rays  b  b  b  b  passing  through  the  lens  bend  to  the  axis  or  pen- 
pe'ndicular  ray  AC.  c  is  also  called  the  principal  focus,  or  the 
focus  of  parallel  rays,  and  its  distance  from  the  middle  of  the 
;lass  is  the  focal  distance. 
A  plano-concave  lens,  h  c  (fig.  197),  is 

'.at  at  one  side  and  concave  at  the  other ; 

.ud  the  parallel  rays  diverge  after  pass- 
ing through  it,  as  if  they  had  come  from 
;i  radiant  point,  at  the  distance  of  the 

iiameter  of  the  concavity  of  the  lens : 
this  is  called  the  imaginary  focus.  Thus 
the  rays  e  e  (fig.  198)  are  refi-acted  to 
c'e',  as  if  they  had  proceeded  from  the 
point  e. 


m 

d 

1- 

c 

Fig.  197. 


^  

cli  



e 

el  

4 

 c 

Fig.  198. 

A  double-concave  lens  (fig.  199)  is  concave  at  both  sides. 
When  parallel  rays  of  light  faU  upon  it,  instead  of  converging 
to  the  parallel  ray,  they  seem  drawn  to  the  lens,  and  diverge 
from  the  parallel  ray  both  in  their  passage  through  the  lens 
and  afterwai-ds  upon  leaving  it.  The  imaginary  focus  is  at  the 
distance  of  the  radius  of  concavitv. 


Fig.  199.  Fig.  200. 

A  meniscus  lens  (fig.  200),  or  moon-shaped,  is  convex  at  one 
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side  h  c',  and  concave  at  the  other  e'  e ;  its  effect  is  according 
to  the  manner  in  which  it  is  applied.  "With  regard  to  this,  as 
well  as  other  lenses  formed  of  glass,  the  angle  of  incidence 
always  bears  the  same  ratio  to  the  angle  of  refraction,  whether 
it  be  with  regard  to  plane  or  spherical  surfaces,  concave  or 
convex,  or  in  whatever  direction  the  rays  may  be  refracted. 
A  double-convex  lens  is  convex  on  both  sides.    If  parallel 

rays  of  light  fall  directly  npon  a  

double-convex  lens  a  (fig.  201), 
they  will  be  so  bent  out  of  their 
course  as  to  unite  in  a  point  at/. 
The  central  ray,  falling  perpendicu- 
larly upon  the  glass,  passes  directly 
through  it  without  suffering  any 
refraction;  but  those  which* pass 
through  further  from  this  centre, 
falling  more  or  less  obliquely  on  its 
surface,  ■will  be  so  bent  as  to  meet  /' 
the  central  ray  at  /.    This  point,  at  ,y 

which  the  rays  are  collected,  is  

termed  the  principal  focus,  whose  Kg.  201. 

distance  in  the  double-convex  lens  is  equal  to  the  radius,  or 
half  the  diameter  of  the  sphere  of  the  convexity  of  the  lens. 
If  rays  are  made  to  traverse  a  double-convex  lens,  they  must 
converge  more  rapidly  than  through  a  plano-convex  one,  for 
they  are  first  refracted  at  the  convex  surface  of  a  denser 
medium  on  entering  the  lens,  and  are  again  refracted  at  the 
concave  surface  of  the  rarer  medium  in  passing  again  into  the 
air,  and  must  therefore  have  a  doxible  degree  of  convergency. 
It  is  likewise  seen  in  fig.  202  that  if  an  object  ah  \>q  placed 
beyond  the  focus  of  a  convex  lens  ef,  some  of  the  rays  pro- 
ceeding from  the  point  of  the  object  on  the  other  side  of  the 
glass  vrill,  after  passing  through  it,  converge  into  as  many 
points  on  the  opposite  side ;  a'  V,  which  proceed  from  the  point 
a,  wiU  converge  into  a'  h',  and  finally  meet  at  c.  The  rays 
c'  cV  proceeding  from  the  middle  of  the  arrow,  will  be  con- 
veyed into  c"  cl"  and  meet  at  g ;  and  the  rays  which  come 
from  the  point  5,  will  meet  each  other  again  at  d ;  and  so  on 
of  the  rays  from  any  of  the  intermediate  points,  there  will  be 
as  many  focal  points  formed  as  there  are  radial  points  in  the 
object,  and  consequently  they  wiU  be  painted  on  the  retina  of 
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the  eye,  a  sheet  of  paper,  or  any  other  body  placed  at  d,  g,  c,  as 
an  inverted  image  of  the  object. 

CO 


Fig.  202. 


If  a  convex  lens  be  placed  in  the  hole  of  the  shutter  g  (fig. 
:  203)  of  a  darkened  room,  it  will  concentrate  the  rays  of  light, 
5  and  represent  on  the  opposite  "wall  a  picture  of  the  different 
t  objects  from  which  the  rays  proceed,  but  in  an  inverted 
{ position. 
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and  entering  the  room  in  a  descending  direction,  by  their  thus 
continuing,  fall  on  the  lower  part  of  the  wall  opposite  the  hole 
in  the  shutter,  whereby  the  top  of  the  tree  is  seen  inverted 
instead  of  upright  as  in  the  view.  The  rays  from  the  bottom 
of  the  tree  h  on  entering  the  hole  in  the  shutter  ascend,  and 
thus  this  part  of  the  tree  b  appears  highest.  The  rays  from 
the  church  ef  represent  its  figm-e  on  the  wall  in  the  manner 
ef.  It  will  thus  be  seen  that  the  rays  from  different  directions 
proceed  indej)endently  in  a  straight  line,  reversing  the  position 
from  the  highest  to  the  lowest ;  or  the  rays  from  the  right  to 
the  left,  from  the  lowest  to  the  highest ;  or  the  rays  from  the 
left  to  the  right,  excepting  the  mausoleum  in  the  centre  c  d, 
which  although  upside  down,  its  situation  in  the  picture  is  the 
same  :  this  is  from  its  being  exactly  in  front  of  the  hole  in  the 
shutter ;  and  as  its  rays  fall  perpendicularly,  so  do  they  pro- 
ceed to  the  wall.  In  fact,  the  whole  is  an  inverted  miniature 
representation  of  the  landscape ;  and  is  exactly  the  same 
principle  on  which  the  pupU  of  the  eye  portrays  objects  on 
the  retina,  and  on  which  the  camera  obscura  acts. 

The  diagram  (fig.  202)  shows  also  that  the  image  of  an 
object  seen  through  a  convex  lens  will  be  larger  or  less 
than  the  object  itself,  according  as  the  distance  of  the  latter 
from  the  lens  is  greater  or  less.  If  the  smaller  arrow,  which 
is  placed  near  the  lens,  be  the  object  to  be  viewed,  the  rays  of 
Kght,  proceeding  from  each  end  and  the  middle,  are  seen  to 
come  to  a  focus  at  three  points  in  the  larger  arrow  at  the  other 
side.  If  this  larger  arrow  be  the  object,  being  further  from 
the  lens,  the  rays  from  it  will  come  to  a  focus  at  a  neai'er  point 
on  the  other  side,  producing  the  smaller  image. 

It  is  to  be  observed  that  the  further  an  object  is  from  the 
lens,  the  less  divergent  are  the  rays  darting  from  it  towards 
the  lens,  or  the  more  nearly  do  they  approach  to  being  pai-aUel. 
If  the  distance  of  the  radiant  point  be  very  great,  they  really 
are  so  nearly  parallel  that  a  very  nice  test  is  required  to  detect 
the  non-accordance.  Bays,  for  instance,  coming  to  the  earth 
from  the  sun,  do  not  diverge  the  millionth  of  an  inch  in  a 
thousand  miles.  Hence,  when  we  wish  to  make  experiments 
with  parallel  rays,  we  take  those  of  the  sun. 

Any  two  points  so  situated  on  the  opposite  sides  of  a  lens, 
as  that  when  either  becomes  the  radiant  point  of  light,  the 
other  is  the  focus  of  such  light,  arc  called  conjugate  foci.  An 
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object  and  its  image  formed  by  a  lens  must  always  be  in  con- 
jmjate  foci ;  and  when  the  one  is  nearer  the  lens,  the  other 
will  be  in  a  certain  proportion  more  distant. 

TMiat  is  called  the  principal  focus  of  a  lens,  and  by  the 
distance  of  wliich  from  the  glass  we  compare  or  classify  lenses 
:  among  themselves,  is  the  point  at  which  the  sun's  rays, 
I  that  is,  parallel  rays,  are  made  to  meet ;  and  thus,  by 


]  hokhng  the 


jlass  in  the  sun 
I  distance  behind  it  a  little 
t  the  sun  is  formed,  we  can 
cof  a  glass. 


and 


noting 


at  what 

luminous  spot  or  image  of 
at  once  ascertain  the  focus 


A  concavo-convex  lens  (fig.  204)  is  one  in  which 
tthe  two  surfaces  agree  in  general  form  with  the 
r  meniscus  lens,  but  differ  in  this  respect,  that  the 
concave  surface  is  a  part  of  a  smaller  sphere  than  that  Fig-  204. 
of  the  convex  side ;  the  two  surfaces,  if  produced,  would  never 
meet  as  they  do  in  the  meniscus. 

A  multij^ying-glass  is 
a  convex  lens  having  a 
umber  of  faces  cut  at 
angles  to  each  other  upon 
dt,  so  that  objects  seen 
•hrough  it  are  multiplied. 
Thus  the  rays  from  a 
?andle  or  other  object 
"rom  a  to  b  (fig.  205)  are 
refracted  in  passing 
through  the  glass,  so  that 
'ie  eye  where  th^y  meet 

three  objects,  one  ^fl^  Fig.  205. 

direct  at  a,  and  two  by  refraction  at  c,  cL 

"We  may  here  state  that  what  is  understood  by  a  pencU  of 
_  ys,  is  when  rays  a  a  (fig.  206)  diverge  or  spread  out  from  a 
le  point  of  a  luminous  body  b.    A  ray  is  always  intended 
-X)  signify  a  single  line  of  light  proceeding  from  a  luminous 
bject. 

Either  a  double-convex  or  plano-convex  lens,  it  is  seen, 
will  refract  the  rays  of  the  sun  falliag  on  its  surface  to  a  point 
n  the_ opposite  side;  as  any  such  constitutes  a  burning  lens, 
ie  pomt  to  wliich  they  arrive  is  hence  called  the  focus.  The 
ger  the  surface,  the  more  powerful  will  be  the  focus :  sup- 
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pose  a  leas  four  inches  diameter  have  a  focus  at  one  foot 


Fig.  206. 

distance,  giving  an  image  of  the  'sun  the  one-tenth  of  an  inch 
in  diameter,  1600  times  less  than  the  sm-face,  consequently 
the  rays  at  the  focus  will  be  this  much  denser  than  at  the 
surface.  A  very  powerful  burning  lens  was  made  by  ^Mi*. 
Parker  for  Dr.  Priestley,  and  was  or  is  in  the  possession 
•of  the  Emperor  of  China. 
Pig.  207  represents  it  as 
mounted  on  a  stand.  It 
was  formed  of  flint-glass 
nearly  three  feet  in  dia- 
meter, having  when  fixed 
a  clear  sirface  of  two  feet 
eight  inches  and  a  half ;  its 
weight  was  212  pounds,  its 
focal  length  six  feet  eight 
inches,  and  the  diameter 
of  the  image  of  the  focus 
one  inch  ;  but  by  applying 
^another  lens,  the  focus  was 
Teduccd  to  half  an  inch  in 
diameter.  It  produced  a 
heat  that  set  fire  instantly 
to  hard, green,  or  wet  wood; 
it  melted  iron  plates  in  a 
moment;  and  tiles,  slates, 
and  earths  became  vitrified. 
Sulphur,  pitch,  and  all 
resinous  bodies  melted  under  water ;  fir- wood  exposed  to  the 
focujs  under  water  did  not  seem  changed,  but  when  broken, 
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the  inside  was  burnt  to  coal.  If  a  cavity  was  made  in  a~piece 
of  charcoal,  and  the  substances  to  be  acted  on  Avere  put  in  it, 
the  effect  of  the  lens  was  much  increased :  any  metal  thus  en- 
closed in  the  cavity  of  a  piece  of  charcoal  melted  instantly,  the 
tii-e  sparlding  like  that  of  a  forge ;  the  ashes  of  wood,  paper, 
luien,  and  all  vegetable  substances  were  turned  into  a  trans- 
parent glass.  The  substances  most  difficult  to  be  wi'ought  on 
were  those  of  a  white  colour.  It  fused  twenty  grains  of  gold 
in  four  seconds;  of  silver  in  three  seconds;  ten  grains  of 
platinum  in  three  seconds,  and  as  much  flint  in  thirty  seconds  ; 
yet  there  was  no  heat  at  a  small  distance  out  of  the  focus.  The 
finger  could  be  placed  in  the  cone  of  rays,  within  an  incli  of 
the  focus,  without  any  hurt :  when  Mr.  Parker  placed  his 
tinger  at  the  focus,  he  said  it  did  not  feel  like  ordinary  burning, 
Itut  the  sensation  was  that  of  a  shai-p  cut  with  a  lancet.  The 
water  when  clear,  and  in  a  clean  glass  decanter,  was  not  even 
warmed ;  but  with  iron  in  it,  or  ink,  it  was  made  to  boil. 

Camera  Obscura. 

A  camera  obscura  consists  of  an  oblong  box  in  one  end  of 
r\-hich  is  fitted  a  smaller  portion  having  a  convex  lens,  and 
..  hich  part  slides  in  or  out  to  adjust  the  focus  according  to  the 
listance  of  the  external  objects.  At  the  opposite  end  of  the 
'OX,  at  an  angle  of  45  degrees,  a  plane  mirror    i  (fig.  208)  is 
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xed,  which  receives  the  image  of  the  object  from  the  lens  a, 
id  reflects  it  against  a  square  of  ground  glass  j.  The  picture 
lere  represented  may  bo  sketched  on  the  rough  glass,  or  if  a 
ece  of  oUed  or  tracing  paper  be  laid  on  it,  a  copy  may  be  taken  ; 
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but  to  do  this  effectually,  a  black  cloth  shoiilcl  cover  the  head 
and  end  of  the  camera  to  exclude  extraneous  light.  This 
instrument  has  acquired  of  late  an  additional  importance  by 
its  use  in  photography.  The  picture  to  be  photographed  is 
first  focused  on  the  groiind  glass,  and  a  sensitive  plate  being 
now  substituted  for  it  for  a  brief  space  of  time,  the  required 
picture  is  impressed  upon  it  by  the  sunbeam. 

Prisms. 

A  prism  is  a  solid  body  included  between  three  or  more 
faces,  each  of  those  :r 
being  a  parallelogram. 
A  triangular  prism 
of  glass  possesses  the 
property  of  bending 
the  rays  of  light  from 
their  original  course 
by  refraction.    Thus  Kg.  209. 

the  ray  ee  (fig.  209)  entering  the  prism  p  at  the  point  e  i> 
refracted  in  the  direction  of  the  lino  e  f,  and  on  leaving  th 
prism  at  f  is  again  refracted  in  the  direction  f  g  ;  but  aU  the 
rays  constituting  white  light  are  refracted  in  a  different  degree, 
as  will  be  afterwards  explained. 

In  the  diagram  (fig.  210)  the  faces  of  the  glass  prism  are 
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.  A  B  and  D  E,  and  if  of  crown  glass  will  have  a  refractive  power 
^  of  1-525.  Now  if  a  ray  of  light,  F  6,  fall  on  the  face  of  the 
T  prism  at  g,  di-aw  a  line  h  i  pei-pendieular  to  the  face  a  b,  then 
\  with  a  pair  of  compasses  from  a  scale  of  equal  parts  take  the 
I  refractive  power  1-525 ;  then  place  one  point  of  the  compasses 
« on  G  F,  move  it  along  to  some  point  f,  till  the  other  point  falls 
I  on  a  point  j  of  g  h,  so  that  f  j  is  perpendicular  to  g  h  ;  then 
vwith  G  as  a  centre,  with  the  distance  gf  describe  the  circle 
1 1 F  H.  On .  the  scale  before-named  with  the  compasses  take 
ll'OOO  and  set  it  off  from  g  towards  a  ;  this  will  give  the  point 
1  w ;  through  this  point  draw  w  k  parallel  to  h  i ;  then  from  the 
f  point  K,  where  this  line  cuts  the  circle,  draw  k  i  perpendicular 
t  to  H  I.  Thus,  then,  f  j  is  the  sine  of  the  angle  of  incidence, 
•and  L  K  the  sine  of  the  angle  of  refraction,  and  the  line  g  k  m 
d  drawn  through  k  represents  the  refracted  ray. 

Then  as  the  ray  g  m  meets  the  second  refracting  surface  at  ■ 
iM,  through  it  draw  n  o  perpendicular  to  e  d,  and  with  m  as  a 
centre,  and  distance  g  f,  describe  a  circle  and  construct  the 
figure  p  N  s  0,  exactly  similar  to  the  one  above,  described. 

The  ray  departing  fr-om  the  prism  into  the  air  in  this  last 
■  instance,  p  q  is  the  sine  of  the  angle  of  incidence,  and  r  s  the 
sine  of  the  angle  of  refraction,  therefore  the  line  m  s  drawn 
through  M  will  be  the  refracted  ray.  It  will  be  seen  that  the 
rism,  from  its  powers  of  refraction,  has  bent  the  ray,  which 
''if  not  refracted  would  have  proceeded  direct  onward  to  t,  and 
gives  the  angle  t  i:  s  as  the  amount  of  the  deviation  from  a 
direct  line.  Now  if  a  ray  of  light  fall  on  the  face  of  the  prism 
at  F  G,  by  looking  at  s,  it  will  be  seen  at  v  proceeding  along 
ithe  Une  m  tj  v,  and  the  angle  v  tr  f  will  be  equal  to  the  angle 
ru  s. 

On  the  refracted  ray  g  m  traversing  the  prism,  it  proceeds 
in  a  direct  line  parallel  to  b  d  ;  and  on  this  occurring,  the  angle 
of  deviation  f  tj  v  is  not  so  great  as  if  the  ray  fell  in  any  other 
osition,  or  the  prism  were  differently  constructed.  If  a  candle 
be  used  to  give  the  ray,  then  by  looking  at  ir  of  the  prism  and 
turning  it  round,  the  image  of  the  candle  wiU  be  stationary  at 
V,  which  shows  the  line  g  m  is  parallel  to  b  n ;  but  in  any  other 
position  the  image  will  move  towards  v. 

If  a  hne  be  drawn  from  a  e  to  c,  so  as  to  divide  the  base  of 
he  prism  into  two  equal  parts,  when  in  the  position  as  repre- 
ented  in  the  diagram,  then  the  angle  of  refraction  k  g  l  on  the 
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surface  of  the  prism  where  the  ray  enters  is  equal  to  b  a  c, 
half  of  the  angle  of  the  prism.  Then  as  half  this  angle  has 
been  ascertained,  and  as  it  is  easy  by  a  dividing  instrument  to 
measure  the  angle  of  incidence,  f  g  h  is  at  once  known,  as  well 
as  the  angle  of  refraction  o  m  s  on  the  other  surface  of  the 
prism;  and  having  ascertained  them  on  one  side,  they  are 
easily  known  on  the  other.  Then  dividing  the  sine  of  the 
angle  of  incidence  by  the  sine  of  the  angle  of  refraction,  the 
refractive  power  is  gained. 

Analysis  of  tfie  Ray  of  Light. 

If  a  prism  be  placed  opposite  to  a  hole  in  a  shutter  admitting 
a  ray  of  light  to  a  darkened  room,  a  singular  effect  takes  place, 
for  an  explanation  of  which  we  are  indebted  to  Sir  Isaac 
Newton  ;  it  shows  us  that  the  pure  ray  of  white  Hght  is  com- 
posed of  several  bi-illiant  coloiu's.  In  old  times  light  was 
considered  to  be  a  simple  homogeneous  body.  But  if  the  ray 
be  transmitted  through  the  prism,  and  thrown  on  a  screen 
opposite,  seven  distinct  colours  will  appear  in  the  following 
order  (fig.  211) : 


Kg.  211. 

This  dissection  of  a  ray  of  light,  then,  shows  it  to  be  com- 
posed of  red,  orange,  yellow,  green,  blue,  indigo,  and  violet 
colours.  The  red  rays,  it  will  be  observed,  are  the  least  turned 
out  of  their  course,  and  the  violet  the  most  so ;  and  the  others 
possess  this  property  more  or  less  as  expressed  on  the  screen 
where  they  are  represented :  the  breadth  of  the  oblong  image 
of  the  colours  is  equal  to  the  diameter  of  the  hole  in  the 
shutter.  It  is  a  curious  coincidence,  that  the  number  of 
colom-s  agrees  exactly  with  the  primitive  number  of  notes  in 
music.  ' 
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Supposing  tli3  division  on  the  piismatic  spectrum,  as  the 
image  of  the  ray  on  the  screen  is  called,  be  divided  into  360 
parts,  the  proportion  of  the  red  will  be  45  parts,  the  orange 
27,  the  yellow  48,  the  green  and  blue  60  each,  the  indigo  40, 
and  the  violet  80.  If  a  circular  piece  of  card  be  divided  into 
these  proportions  and  coloured  accordingly,  then  whirled 
rapidly  round,  the  colours  will  be  so  blended  as  to  appear  of  a 
dirty  white ;  were  the  colours  as  pure  as  those  painted  by 
nature,  there  can  be  no  doubt  but  that  tlie  appearance  would 
be  a  perfect  white.  But  the  most  convincing  proof  that  those 
coloiirs  constitute  a  pure  white  ray  is  by  reuniting  them.  Thus 
i  if  the  coloured  rays  are  allowed  to  faU  upon  a  double  convex 
1  lens  L  (fig.  212),  they  pass  through  it  and  converge  to  a  focus, 


Fig.  212. 

when  they  appear  as  a  white  ray  the  same  as  before  passing 
through  the  prism.  The  ray  h  entering  the  hole  in  the  shutter 
'alls  upon  the  prism  p,  and  is  separated  into  the  seven  coloiu's 
which  passing  through  the  lens  i,  unite  in  a  white  ray  at 
l",he  focus  F.  Thus  is  the  ray  separated  and  again  joined  into 
i  ts  former  body. 

The  solar  or  prismatic  spectrum  is  only  at  particular  parts 
rivid  as  to  each  distinctive  colour,  for  they  mingle  and  blend 
he  one  into  another  in  such  a  manner  as  to  render  it  im- 
ossible  to  say  where  each  begins  or  ends.  The  seven  colours 
'ave  been  named  primary,  it  being  believed  that  they  are 
mple  or  homogeneoiis,  especially  as  when  reflected  through 
mother  prism  they  retain  their  individuality.  Artists,  nevcr- 
;heles8,  have  proved  that  red,  blue,  and  yellow  will  alone  form 
"  the  tints  of  the  prismatic  spectrum ;  siipposing  that  the  other 
lours  were  heterogeneous,  or  compounds.  Still,  as  the  colour^  ' 
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refracted  could  not  be  analysed  into  others  than  they  appeared, 
a  difficulty  existed  that  prevented  the  fact  being  established 
of  their  not  being  primary  colom'S.  Many  have  been  the  ex- 
periments made  by  scientific  persons  to  solve  this  question  satis- 
factoiily ;  and  Sir  David  Brewster  and  others  have  concurred 
in  the  opinions  of  Mr.  Hay  of  Edinbiu-gh,  as  expressed  in  his 
work  on  the  '  Laws  of  Harmonious  Colouring.'  Mr.  Hay  states 
that  he  could  not  by  analysis  prove  that  there  were  only  three 
colours,  but  that  he  succeeded  in  proving  it  to  his  own  satis- 
faction, synthetically,  in  the  following  manner : — 

"  After  having  tried  eveiT^  colour  in  succession,  and  finding 
that  none  of  them  could  be  separated  into  two,  I  next  made  a 
hole  in  the  first  screen  in  the  centre  of  the  blue  of  the  spectrum, 
and  another  in  that  of  the  red ;  I  had  thereby  a,  spot  of  each 
of  these  coloui-s  upon  a  second  screen.  I  then,  by  means  ol 
another  prism,  directed  the  blue  spot  to  the  same  part  of  the 
second  screen  on  Avhich  the  red  appeared,  where  they  united 
and  produced  a  violet  as  pui'e  and  intense  as  that  of  the 
spectrum.  I  did  the  same  with  the  blue  and  yellow,  and 
produced  the  prismatic  green ;  as  also  with  the  red  and  yellow 
and  orange  was  the  result.  I  tried,  in  the  same  manner,  to 
mix  a  simple  with  what  I  thought  a  compound  colour,  but 
they  did  not  unite ;  for  no  sooner  was  the  red  spot  thrown 
upon  the  green  than  it  disappeared. 

"  I  tried  the  same  experiment  with  two  spectra,  the  one 
behind,  and  of  course  a  little  above  the  other,  and  passed  a 
spot  of  each  colour  successively  over  the  spectrum  which  wat- 
furthest  from  the  window,  and  the  same  result  occurred.  It 
therefore  appeared  to  me  that  these  three  colours  had  an 
afiinity  to  one  another  that  did  not  exist  in  the  others,  and 
that  they  could  not  be  the  same  in  every  respect  except  colour 
and  refrangibility,  as  had  hitherto  been  taught." 

The  three  homogeneous  colours,  yellow,  red,  and  blue, 
have  been  proved  by  Field,  in  the  most  satisfactory  manner, 
to  be  in  numerical  proportional  power  as  follows : — ^yellow, 
three ;  red,  five ;  and  blue,  eight.  "When  these  three  colom-s 
are  reflected  from  any  opake  body  in  these  proportions,  white 
is  produced.  They  are  then  in  an  active  state,  but  each  is 
neutralized  by  the  relative  efiect  that  the  others  have  upon  it. 
"V\Tien  they  are  absorbed  they  are  in  a  passive  state,  and  black 
in  the  result.    "When  transmitted  through  any  transparent 
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body,  the  effect  is  the  same ;  but  in  the  first  case  they  are 
material  or  inherent,  and  in  the  second  impalpable  or  transient. 
Colour,  therefore,  depends  entirely  on  the  reflective  or  refrac- 
tive power  of  bodies,  as  the  transmission  or  reflexion  of  sound 
does  upon  their  vibratory  powers. 

If  a  dehcate  thermometer  be  placed  in  different  parts  of  a 
prismatic  spectrum,  the  violet  rays  indicate  the  least  heat,  but 
the  mercury  gradually  rises  as  we  descend  downwards,  the 
t  red  having  the  most ;  passing  below  the  red  ray,  it  was  found 
a  greater  degree  of  heat  existed,  and  that  in  that  part  there  is 
;  a  ray  which  is  invisible  ;  this  has  been  named  the  calorific  or 
!  heating  ray.    Led  from  this  circumstance  to  experiments  above 
t  the  violet  ray,  another  invisible  ray  was  discovered  to  exist, 
\  with  less  heat,  but  possessing  the  property  of  changing  the 
I  chloride  of  silver  from  white  to  black,  and  gum  guaiacum  from 
>  yellow  to  green ;  this  is  termed  the  chemical  or  actinic  ray, 
t  the  rays  between  these  invisible  ones  being  denominated  the 
(•colouring  or  colorific  rays.    Now  if  a  body  giving  out  these 
i  invisible  rays  that  are  less  bent  than  the  red  ones  of  the 
spectrum,  be  much  heated,  its  rays  may  be  as  much  bent  as 
t  the  red  ones,  and  may  then  be  seen,  the  radiating  body  being 
red-hot.    More  heat  applied  causes  yellow  rays  to  be  seen, 
and  ultimately  the  whole  of  the  colours  as  white  heat ;  thus 
some  writers  have  come  to  the  conclusion  that  heat  is  invisible 
light,  and  light  visible  heat. 

It  has  been  found  that  beyond  the  visible  spectrum  in  both 
directions  there  are  rays  which  excite  no  impression  of  light. 
Those  at  the  red  end  excite  heat ;  and  the  reason  why  they 
'ail  to  excite  light  probably  is  that  they  never  reach  the  retina 
of  the  eye.  To  show  this,  a  thermo-electric  pile  was  placed 
ear  the  red  end  of  the  spectrum,  but  still  outside  of  it ;  the 
eedle  of  a  large  galvanometer  connected  with  the  pile  was 
efleeted,  and  came  to  rest  in  a  position  about  45  degrees 
om  zero.  The  transparent  humours  of  the  eye  of  an  ox 
were  now  placed  in  the  path  of  the  rays ;  the  light  of  the 
spectrum  was  not  perceptibly  diminished,  but  the  needle  of 
the  galvanometer  fell  to  zero  ;  thus  proving  that  the  obscure 
ays  of  the  spectrum,  to  which  the  galvanometric  deflection 
as  due,  were  wholly  absorbed  by  the  humours  of  the  eye. 
iFor  this  discovery  we  are  indebted  to  Sir  "William  Herschel. 
To  prove  this  experimentally,  take  an  opake  screen  a  b 
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(■fig.  213),  blacken  both  sides ;  at  c  make  a  round  hole  about 


Fig.  213. 

lialf  an  inch  in  diameter ;  dii^ectly  opposite  to  which  place  i  a 
hot  iron  ball,  d  a  thermo-pile  in  connexion  Avith  a  galvano- 
meter ;  the  rays  of  heat  from  i  will  pass  through  the  aperture 
0,  and  falling  on  the  pile  n  will  deflect  the  galvanometer.  If 
an  ox-eye  bo  now  adjusted  to  and  accurately  fill  up  the  apertm-e 
c.  no  heat  ■wall  pass,  and  the  galvanometer  remains  stationarj- : 
thus  proving  that  the  aqueous  and  vitreous  humours  of  the 
eye  oppose  the  passage  of  the  rays  of  obscure  heat. 

Tlieory  of  the  Ray  of  Light. 

The  undulatory  liy^iothesis  accounts  for  the  differently- 
coloured  rays  of  the  solar  spectrum,  by  supposing  differences 
in  the  frequency  of  the  vibrations.  The  rays  of  light  are 
supposed  capable  of  vibrating  in  waves  of  different  lengths ; 
the  shortest  waves  produce  violet  light,  the  longest  red.  The 
impression  of  the  different  colours  arises  precisely  as  that  of 
the  different  sounds  in  air  ;  the  shortest  wave  in  sound  gives 
the  highest  note. 

"With  such  precision  have  some  of  the  more  complex  pheno-' 
raena  of  light  been  studied,  that  mathematicians  have  abso- 
lutely been  able  to  calcidate  the  number  of  vibrations  (in 
ether)  necessarv  to  produce  an  impression  of  white  or  coloured 
Hght. 

The  periodical  movements  of  the  medium  in  white  hght 
regularly  recur  at  equal  intervals,  five  himdi'cd  miUions  of 
millions  of  times  in  a  second  of  time— 1,000,000,090,000  X 
500 ;  in  the  sensation  of  redness,  our  eyes  are  affected  four 
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'  hundred  and  eightv-two  millions  of  millions  of  times — 
1,000,000,000,000x482;  of  yeUowness,  five  himdred  and 
t  forty-two  milUons  of  milHons— 1,000,000,000,000  x  542 ;  of 
•  violot,  seven  hundred  and  seven  millions  of  millions — 
.  1,000,000,000,000  X  707. 

Sir  John  Herschel  gives  the  following  as  the  length  and 
I  rapidity  of  the  coloured  rays  of  the  spectrum : — 


Coloured  rays. 

Length  of  lumi- 
nous rays  in 
parts  of  an  inch. 

Number  of 
undulations 
in  an  inch. 

Number  of  undulations  in  a 
second. 

Eed .... 

•0000256 

39180 

477  millions  of  millions. 

Orange .    .  . 

•0000240 

41610 

606 

Yellow .    .  . 

•0000227 

44000 

535 

Green  .    .  . 

•0000211 

47460 

577 

Blue    ,    .  . 

•0000196 

51110 

622 

Indigo  .    .  . 

•  •0000185 

64070 

65,8 

Violet  .    .  . 

•0000174 

57490 

699 

Taking,  therefore,  the  ratio  of  the  extreme  vibrations,  we 
I  may  say,  the  sensibility  of  the  eye  has  its  limits  within  a  minor 
sixth,  while  that  of  the  ear  reaches  an  octave. 
.  How  seldom  do  we  think,  as  we  gaze  on  the  flowers  com- 
posing a  bouquet,  and  inhale  their  fragrance  which  fills  the 
surrounding  air,  that  in  order  to  distinguish  the  yellow  tint  of 
the  laburnum,  five  hundred  and  forty-two  millions  of  millions 
of  vibrations  must  occur ;  that  the  ruby  fuchsia  requires  the 
eyes  to  receive  four  hundred  and  eighty-two  millions  of 
nillions  of  undulations  in  a  second ;  that  the  violet's  tint  is 
nly  distinguishable  when  seven  hundred  and  seven  millions 
of  millions  of  vibrations  have  penetrated  to  the  retina ! 

"What  marvellous  mechanism,  then,  must  pervade  nature, 
'  'nee  we  can  see  in  the  momentary  flashing  of  the  eye  the  in- 
mnerable  and  varying  hues  with  which  the  earth  is  carpeted, 
e  birds  gorgeously  plumed,  and  the  slightest  variation  in  the 
ces  of  animals  and  the  features  of  man  ! 

Fraunhofer's  Bands. 

Certain  dark  Unes  or  bands  are  observed  on  the  spectrum, 
which  are  supposed  to  be  owing  to  the  fact  of  the  solar  at- 
"  osphere  having  the  property  of  absorbing  particular  portions 
)f  the  rays  of  light.  These  lines,  which  are  called  Praunhofer's, 
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after  their  discoverer,  are  somewhere  about  600  in  number. 
They  do  not  follow  each  other  with  any  degree  of  regularity, 
but  the  same  position  is  always  retained  in  the  same  kind  of 
light :  but  they  differ  in  size,  number  and  arrangement,  in 
light  obtained  from  different  sources ;  hence  it  would  appear 
that  every  luminous  body  has  a  system  of  light  peculiar  to 
itself.  These  dark  Knes  in  the  spectrum  were  used  by  Fraim- 
hofer  for  accurately  measuring  the  refraction,  the  breadths  of 
the  individual  colours,  and  the  intensity  of  the  light  of  luminous 
bodies.  According  to  Fraunhofer's  measurement,  the  relative 
intensities  of  the  light  of  the  different  portions  of  the  spectrum 
expressed  numerically  the  luminous  intensity  of  the  extreme 
red  ray  to  be  32 ;  of  the  middle  ray  of  that  colour,  94 ;  of 
orange,  640  ;  between  yellow  and  orange,  1000  ;  green,  480 ; 
blue,  170 ;  dark  blue  (indigo),  31 ;  violet,  from  5  to  6. 

Nature  of  the  Sun's  Ray. 

Professor  Hunt,  who  has  devoted  much  time  to  the  investi- 
gation of  the  influence. of  the  solar  rays,  says,  ""We  have 
been  hitherto  led  to  regard  the  sun's  rays  as  consisting  essen- 
tially of  light  and  heat ;  and  these,  indeed,  were  commonly 
considered  as  modifications  of  one  power.  MeUoni  has,  how- 
ever, shown  that  plates  of  obsidian  and  black  mica,  which  do 
not  admit  of  the  permeation  of  light,  are  freely  penetrated  by 
heat ;  and,  on  the  contrary,  that  a  glass  stained  green  by  oxide 
of  copper,  which  offers  scarcely  any  obstruction  to  light,  will 
scarcely  aUow  of  the  passage  of  any  heat-rays.  In  this  way 
it  is  distinctly  shown  that  the  physical  conditions  of  these 
forces  are  essentially  different ;  and,  in  a  similar  manner,  we 
may  entirely  obstruct  the  chemical  agency  by  the  use  of  a 
yellow  glass,  while  a  blue  medium,  which  obstructs  nearly  all 
the  light,  admits  of  the  free  passage  of  the  chemical  radia- 
tions. 

"  In  this  manner  we  are  made  acquainted  with  the  exist- 
ence of  certainly  three  physical  agents  in  the  solar  beams — 
light,  heat,  and  actinism,  as,  the  chemical  power  is  called. 
Their  existence  may  be  shown  in  the  following  manner : — If 
we  pass  a  sunbeam  through  a  glass  prism,  we  get  a  coloured 
luminous  image,  a  (fig.  214),  consisting  of  seven  chromatic 
bands.  If  we  throw  the  same  image  upon  black  paper  washed 
with  ether,  an  image  rapidly  dries  in  the  forms  shown  in  b, 
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which  represents  the  heat's  rays,  and  proves  the  existence  of 
calorific  rays,  which  are  entirely  without  light;  and  if  we 
throw  the  same  image  on  paper  covered  with  the  chloride  of 
sUver,  it  is  blackened  in  the  manner  shown  at  c,  in  which  the 
most  decided  chemical  change  is  observed  to  take  place  beyond 
the  violet  ray,  where  there  is  no  light ;  and  that  in  the  yellow 
ray,  where  the  light  is  at  its  greatest  intensity,  no  chemical 
change  is  produced.  The  curved  lines  d  show  the  relative 
points  of  maximum  influence  in  the  solar  spectrum  for  each 
power. 

^'  From  all  the  phenomena  which  these  solar  powers  exhibit, 
it  is  evident  that  they  exist  in  a  state  of  antagonism,  and  one 
is  sometimes  in  a  state  of  superior  activity  compared  with 
another.  Seeds  requii-e  an  excess  of  actinism  to  germinate ; 
and  they  will  not  germinate  in  light  from  which  the  actinic 
power  is  separated.  After  the  leaves  are  formed,  a  larger 
amount  of  light  than  of  actinism  is  necessary  to  produce  that 
excitation  of  the  cellular  system  of  the  plant  by  which  carbon 
is  separated  from  carbonic  acid,  and  wood  produced.  Again, 
the  fuU  development  of  the  reproductive  system  of  the  plant, 
its  flowering  and  fruiting,  depends  upon  an  influence  which  is 
more  closely  connected  with  the  thennic  power  of  the  sun's 
rays,  than  on  either  light  or  actinism.  A  very  curious  series 
of  experiments  has  been  made  to  prove  that  seeds  wiU  not 
germinate  in  pure  light.  Plants  will  not  form  wood  in  im- 
mixed  actinic  radiations,  nor  will  they  flower  in  either  light  or 
actinism  separated  from  the  heat-raj^s.  It  has  also  been  |i, 
found  that  the  relative  proportions  of  light,  heat,  and  actinism  |f 
vary  in  the  seasons  of  spring,  summer,  and  autumn,  which  ie 
in  exact  accordance  with  the  residts  obtained  by  experiment. 

"  Thus  so  beautifully  has  nature  disposed  of  the  constitution 
of  the  solar  beams,  that  these  antagonistic  powers  are  balanced 
one  against  the  other  in  exact  accordance  with  the  require- 
ments of  organic  nature.  It  has  been  discovered  that  the 
proportions  of  these  principles  are  different  in  various  parts  of 
the  globe ;  light  and  heat  being  at  a  maximum  at  the  equator, 
and  diminishing  towards  the  poles  ;  whereas  actinism  is  at  its 
minimum  at  the  equator,  and  arrives  at  its  maximum  in  the 
temperate  zones.  This  fact  explains  the  cause  obviously  of  the 
gigantic  vegetation  of  the  tropics,  and  the  gradual  dwarfing  of 
plants  as  we  proceed  towards  the  pole. 
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"  ludcccl,  it  may  be  proved  by  simple  experiments  that  the 
>  sun's  rays  cannot  fall  npon  any  body,  whether  it  be  of  metal, 
.'Of  wood,  of  stone,  or  of  glass,  without  producing  a  disturbance, 
e either  molecular  or  chemical,  on  its  sui'face ;  also  that  aU 
'i bodies  in  nature  have  the  ]X)wer  of  restoring  themselves  during 
t.the  hours  of  darkness  to  the  state  they  were  in  previous  to  the 
-solar  disturbance.  May  we  not  hence  infer  that  darkness  is 
tas  necessaiy  to  the  inorganic  oody,  as  night  and  sleep  to  living 
land  breathing  beiags  ?  These  researches,  which  have  arisen 
fefrom  the  discoveiy  of  photography,  have  akeady  led  to  the 
ielucidation  of  many  mysteries  connected  with  the  great  phe- 
anomena  of  natm-e ;  and  the  discovery  of  the  new  element 
tactinism  promises  to  lead  us  rapidly  forward  in  our  examina- 
itions  of  the  secret  powers  of  creation." 

Colours  of  Bodies. 

It  is  now  a  generally  received  opinion,  that  different  bodies, 
laccording  to.  the  manner  in  which  their  minute  particles  are 
Biranged,  have  the  power  of  variously  absorbing  and  reflecting 
fche  rays  of  light  ;  and  that  on  the  proportions  of  the  rays 
Absorbed  and  reflected  does  the  colour  depend,  and  that  it  is 
mot  a  part  of  the  object  itself.  Herbage  appears  to  absorb  all 
loortions  of  the  ray  except  green ;  this  it  reflects,  therefore 
aerbage  seems  to  the  eye  of  a  green  colour.  A  heartsease 
iliffers  in  texture  when  its  flowers  vary  in  colour.  A  poppy 
appears  scarlet,  as  it  absorbs  all  the  colours  of  the  rays  except 
Jed,  and  hence  its  pecuhar  tint ;  but  if  it  be  held  under  green 
Ijjass  it  wiU  appear  black,  as  the  poppy  only  reflects  the  red 
^fty  which  the  green  glass  absorbs.    The  red  of  the  rose,  the 

Ilue  of  the  violet,  the  yellow  of  the  jonquil,  are  owing  to  their 
bscrbing  aU  the  rays  excepting  the  red,  blue,  and  yeUow.  A 
rhite  colour  is  the  reflexion  of  all  the  rays ;  a  black  is  caused 
y  their  entire  absorption.  The  palely  tinted  rose,  almost 
^hite,  reflects  nearly  all  the  coloared  rays.  Without  light, 
he  face  of  nature  would  be  that  of  a  world  in  mourning ;  it  is 
ight  that  enlivens  the  scene,  painting  the  exterior  with  a 
»eauty,  richness,  delicacy,  and  harmony,  that  man  vainly 
Ittempts  to  rival. 
■  Colour  is  so  dependent  on  light,  that  when  artificially  pro- 
ktifjed,  as  by  candle  or  gas,  from  not  being  so  pure  as  the  rays 
f  the  sun,  many  things  appear  of  a  different  colour,  as  is  well 
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known  by  the  lady  who  chooses  a  ribbon,  or  the  artist  who 
attempts  to  paint  a  picture  by  artificial  light ;  a  blue  being 
mistaken  for  a  green,  and  a  green  for  a  blue.  Thus  sometimes 
an  artist  has  been  surprised  to  find  he  has  made  the  sky  green 
and  the  grass  blue.  On  a  moonlight  evening  we  cannot  di- 
stinguish the  colour  of  a  chimney-pot ;  and  were  we  to  tak( 
a  number  of  pieces  of  different  coloured  papers,  examine  them 
by  the  bright  light  of  the  moon,  and  write  on  the  back  of  each 
the  colour  it  appears,  we  should  be  astonished  in  daylight  to 
see  how  much  we  had  been  deceived  as  to  the  true  tint  of  each. 
If  vermilion,  powder-blue,  and  light  chi'ome-yellow  be  iati- 
mately  mixed,  without  rubbing,  and  the  powder  be  allowed  to 
fall  in  a  stream  in  the  sunshine,  it  will  appear  white. 

K  the  top  of  a  humming  or  peg-top  be  painted  with  red, 
blue,  and  yellow,  and  it  be  made  to  spin  with  velocity,  tho 
colours  will  be  lost  to  the  sight,  and  a  white  be  seen,  if  the 
colours  be  proportioned  in  the  manner  heretofore  described. 

There  have  been  persons  of  defective  vision  who  coiild  not 
distinguish  particular  colours.  Dr.  Darwin,  the  poet  and 
botanist,  could  only  by  shape  discover  the  difference  between 
a  cherry  and  the  leaves  among  which  it  grew.  Dr.  Dalton. 
the  celebrated  chemist,  was  similarly  afflicted.  There  wa^ 
also  a  family  at  York  who  had  this  peculiar  defect  of  colour- 
blindness hereditarily. 

Sometimes  a  body  will  transmit  one  kind  of  colour  but  reflect 
another;  thus  there  is  glass  that  transmits  orange  but  reflects 
green.  Again,  it  may  be  observed  that  some  colours  will  only 
be  observable  if  the  material  be  of  a  certain  thickness,  beyond 
which  all  colour  is  lost,  and  blackness  only  to  be  seen.  Leaf- 
gold  transmits  yellow,  but  reflects  a  greenish  blue. 

Sir  Isaac  Newton  found  that  different  colours  required  dif- 
ferent distances  to  bring  them  to  a  focus.  He  placed  two 
candles  at  about  twice  the  focal  length  from  a  double-conv" 
lens  L  (fig.  215),  interrupting  the  light  by  a  piece  of  red  an 
blue  glass  R  b,  when  it  was  found  that  the  images  b  k,  r  b  o 
the  screen  s  partook  of  the  coloui's  of  the  glass  employed.  By 
placing  another  screen  d  nearer  to  the  lens,  then  the  red  figure 
was  perfect  on  n ;  thus  the  focus  for  different  coloui'S  was 
found  to  be  at  different  distances  from  the  lens,  and  the  images 
were  more  distinct  with  coloured  glasses  than  without.  Thus 
it  is  that  we  are  able  to  read  a  blue  or  red  biU  through  a 
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'icscope  more  easily  than  a  white  bill,  and  have  to  lengthen 
,0  telescope  more  to  read  a  red  biU  than  a  blue  one. 


h  BR 

rig.  215. 

From  experiments  as  to  the  power  of  distinguishing  objects 
at  a  distance,  it  has  been  foixnd  that  white  objects  on  a  black 
f^round  are  more  readily  perceived  than  black  objects  on  a 
iivhite  ground.  This  subject  in  time  of  war  has  engaged  at- 
«:ention,  in  so  far  as  it  concerns  the  best  colour  for  the  clothes 
il)f  soldiery,  and  it  has  been  decided  that  the  least  visible  is  a 
light  grey.  Colonel  Derinzy  states,  that  on  the  day  before  the 
wattle  of  Vittoria,  a  Portuguese  rifle  company  dressed  in  earthy 
(Drown,  and  a  company  of  British  Fusiliers  diessed  in  red,  were 
equally  exposed  in  an  undertaking  to  dislodge  the  French 
rom  a  bridge,  and  that  after  the  skirmish  the  relative  losses 
vere  as  two  of  the  British  to  one  of  the  Portuguese.  The 
ilanger  arising  from  the  colour  of  dress  is  in  something  of  this 
sfatio, — 1st,  red ;  2nd,  green ;  3rd,  brown ;  4th,  light  grey. 

The  Rainbow. 

That  majestic  and  glorious  sign  in  the  heavens,  the  rainbow, 
s  caused  by  the  refraction  and  division  of  the  rays  of  Light 
ato  their  prismatic  colours,  by  means  of  drops  of  rain  which 
ct  as  so  many  prisms,  llainbows  can  only  be  seen  decorating 
»he  vault  of  heaven  when  rain  is  falling  opposite  to  the  sun 
.nd  the  eye :  the  violet  is  the  colour  of  the  inner  arch,  which 
J  encircled  by  indigo,  blue,  green,  yellow,  orange,  and  finally 
>y  red, — in  fact,  is  a  large  solar  spectrum  in  the  form  of  part 
f  a  circle.  The  red  rays  make"  an  angle  with  the  rays  of  the 
jun  of  42°  2',  the  violet  rays  40°  17',  and  the  other  coloured 
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rays  are  between  these;  thus  then  the  difference  between 
42°  2'  and  40°  7'  being  1°  45',  that  must  be  the  breadth  of  the 
rainbow.  The  inner  or  violet  line  forms  part  of  a  circle  whose 
semidiameter  is  41°,  and  its  situation  varies  according  to  the 
height  of  the  sun  :  the  higher  the  sun,  the  lower  the  rainbow. 

If  c  d  (fig.  216)  be  two  drops  of  water  and  s  5  rays  of  the  sun 
incident  upon  each 
of  them,  those 
which  enter  near 
their  centre  will 
be  refracted  to  a 
focus,  as  in  a 
sphere  of  glass, 
liut  those  which  j> 
enter  above  or 
below  wiU  at  once  I'ig-  216. 

suffer  dispersive  refraction;  and  striking  against  the  back 
of  the  di'op,  at  a  cci'tain  angle,  they  are  reflected,  and  issue 
from  the  front.  At  the  point  of  emergence  they  are  refracted 
a  second  time,  and  suffer  prismatic  dispersion,  when  the  red 
ray,  as  being  the  least  refrangible,  takes  the  lowest  direction, 
and  the  violet,  having  the  greatest  refrangibility,  takes  the 
highest.  If  we  suppose  we  have  been  speaking  of  the  drop  c, 
at  a  certain  distance  below  it  let  d  represent  a  similar  drop. 
The  same  refraction  and  production  of  the  prismatic  colours 
will  happen  in  this  second  drop  d  as  in  c,  and  at  some  point  / 
the  red  ray  of  the  upper  drop  will  intersect  the  violet  ray  of 
the  lower.  Suppose  a  spectator  to  stand  so  that  his  eye  shall 
be  at  /,  then  from  the  upper  drop  he  wiU  see  red  light,  from 
the  lower  one  violet,  and  from  the  intervening  drops  between 
these  two  extremes  he  will  see  the  intermediate  prismatic 
colours,  and  consequently  between  c  and  d  he  will  see  a  perfcx;t 
spectrum.  ||i 

In  a  and  h  the  rays  ss  enter  the  drops  of  rain  at  the  lower 
part,  where  they  receive  their  first  refraction,  at  the  lower 
part  of  the  back  of  the  drops  their  first  reflexion,  and  at  the  i 
upper  part  of  the  back  their  second  reflexion,  and  lastly,  their 
second  rcfi-action  and  inverted  prismatic  dispersion  at  the 
points  of  emergence  from  the  drops ;  in  this  case  the  violet 
ray,  as  being  that  portion  of  light  which  is  most  strongly  ; 
refracted,  takes  the  lowest  path,  and  the  red  ray,  as  being  the 
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!oiist  so,  takes  the  highest ;  this  then  is  in  inverse  order  to  the 
Irops  cd.    An  eye,  therefore,  at  /  receiving  the  rays  from  a 
;iii(i  h  at  their  point  of  intersection,  in  the  drop  a  will  see  the 
\  iolet  ray,  and  in  b  the  red  ray,  and  in  the  intervening  rays 
'  'tween  a  and  h  the  other  prismatic  colours,  so  that  between 
and  h  there  will  be  a  complete  spectrum,  whose  lower 
L'xtremity  is  red  and  the  upper  violet.    This  rainbow  having 
I  half  diameter  of  54°,  it  is  sometimes  observed  without  the 
ither  one,  which  only  appears  to  a  person  on  a  plane  when 
he  Sim  is  within  41°  of  the  horizon.    The  rainbows  above 
s\  aterfaUs,  and  the  halos  that  sometimes  surround  the  sun 
md  the  moon,  are  produced  from  the  mist  in  the  atmo- 
sphere, and  are  referred  to  the  same  principle  as  drops  of  rain 
wating  the  great  and  more  intense  rainbow  which  we  have 
en  describing. 

A  portion  of  a  rainbow  greater  than  a  semicircle  can  only 
seen  when  the  observer  is  so  situated  as  to  have  the  sun 
low  him ;  thus,  for  instance,  if  he  be  on  a  high  mountain 
n  arc  becomes  visible  proportioned  to  his  elevation ;  a  com- 
'  te  circle  of  a  rainbow  may  be  seen  in  the  spray  of  a  cataract 
the  spectator  be  sufficiently  elevated  above  the  horizon.  It 
11  have  sti'uck  the  reader  that  each  beholder  sees  a  different 
Jibow,  every  drop  of  rain  being  viewed  diiferently,  or 
ferent  drops  only  producing  the  beautiful  vision  according 
the  spectator  may  be  situated. 

The  Eye. 

The  eye — that  index  of  the  soul,  that  channel  of  human 
lowledge — conjures  up  a  host  of  feelings  when  the  mind  is 
rected  to  it  as  an  object  of  special  attention.    The  babe 
itches  the  rays  of  affection  that  beam  from  the  maternal 
:  in  sympathetic  love  and  delight.    The  youth  forms  his 
as  of  those  around  him,  and  endeavours  to  divine  truth  in 
guage,  by  watching  the  uncontrollable  expression  of  the  eye 
those  addressing  the  ear.    The  universal  and  irresistible 
f  ling  of  reciprocal  affection  between  the  opposite  sexes  needs 
>  other  language  than  that  expressed  by  the  eye.  Revenge 
I'l  surprise,  hatred  and  pity,  joy  and  grief,  all  have  distinct- 
f  and  powerfully  portrayed  character  in  the  eye.    In  infancy 
is  peered  into  as  the  symbol  of  the  activity  of  the  vital 
mciple ;  in  iUnesa  its  look  indicates  the  body's  approach  to 
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health  or  accumulation  of  disease.;  while  in  age  the  glazing 
over  of  the  eye  announces  the  close  of  all  mortal  feelinge, 
and  the  flight  of  the  soul  to  the  judgment-seat  of  the  divino 
Contriver  of  the  beauties  and  wonders  of  the  organization  of 
man. 

In  its  external  appearance,  what  magnificence  there  is  in 
the  orb  itself!  sparkling  as  a  diamond,  the  coloured  parts 
varying  in  size  with  the  amount  of  light ;  the  exquisite  httle 
miniature  of  another  being,  or  miles  of  variegated  scenery 
pictured  with  a  truthfulness  belonging  only  to  nature's  pencil ; 
a  frame  of  bone  protecting  it  from  accidents ;  an  arch  of  hair 
to  ease  a  blow  on  the  bone  and  turn  the  course  of  the  "  sweat 
of  the  brow  ;"  then  the  eyelash  catching  the  minute  particles 
of  dust,  and  the  eyelids  ever  active  in  saving  either  from 
danger  or  injuiy  the  mirror  underneath,  and  polishing  and 
moistening  the  biilliant  orb  ;  while  the  motion  of  the  adjoining 
parts  is  instigated  by  the  emotions  of  the  bosom,  and  gives  out- 
wards signs  of  the  secret  and  hidden  feehngs  within. 

The  eye  is  the  perfection  of  optical  instruments,  no  effort  of 
art  being  able  to  form  a 
lens  to  refract  the  rays  of 
light  with  the  excellence  of 
that  possessed  by  the  eye. 

The  globe-like  object  (fig. 
217)  is  a  representation  of 
a  section  of  the  human  eye- 
ball a  little  above  its  usual 
size.  Its  mechanism  is  truly 
surprising,  although  simple; 
and  it  is  formed  in  some 
essential  particulars  like 
the  camera  obscui-a.  The 
strong  covering  ss  is  the 
part  that  appears  white,  and  is  named  the  sclerotica,  or  scle- 
rotic coat,  from  its  being  a  hard,  tough,  rigid  and  inelastic 
membrane  of  an  interwoven  fibrous  texture.  The  window 
which  admits  the  light  is  bowed  out,  h  b,  and  called  the  cornea, 
from  being,  when  dried,  like  fine  horn,  very  transparent.  In 
shape  it  is  part  of  a  segment  of  a  smaUer  sphere  than  the  eye- 
ball itself.  Nearly  the  whole  of  the  eyeball  is  covered  on  its 
external  surface  by  a  highly  vascular  and  delicate  membrane 
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]  kno\?n  as  the  conjunctiva ;  it  is  strong,  flexible,  and  close  in 
;  its  texture.  The  outer  part  of  the  cornea  is  convex  and  the 
i  inner  concave,  rather  thicker  in  the  middle  than  elsewhere. 
i  It  consists  of  two  or  more  layers,  which  are  separated  by  a 
1. limpid  fluid.  This  fluid  increases  the  density,  and  thus  adds 
'  to  the  optical  eficcts  of  the  eye ;  it  acts  as  a  lens  on  the  rays 
>  of  light  entering  it.  The  second  membrane  c  c,  is  the  choroid, 
;S0  named  from  the  resemblance  of  its  outer  surface  to  the 
■  chorion,  a  membranous  investment  of  the  egg.  It  is  a  thin 
?soft  dark  brown  structure,  lining  nearly  the  whole  concave 
.•surface  of  the  sclerotic,  and  terminates  at  i  i.  The  purpose  of 
I  this  dark  brown  is  to  render  the  body  of  the  eye  a  camera 

*  obscura  or  dark  chamber.  The  colouring  mutter  is  called  the 
ipigmentum  nigrum,  from  being  of  a  dark  colour  in  most 
:  animals.  Just  within  the  choroid  is  the  central  opening  for 
1  the  admission  of  light  called  the  pupil  p,  and  is  bounded  by  a 
!  sharp  well-defined  circular  edge ;  the  pupil  is  surrounded  by 
•.a  colom-ed  border  of  fibres  called  the  iiis  h  h,  which  acts  as  a 
V curtain  to  admit  more  or  less  light  on  the  pupil:  when  there 
i  is  too  much  light  the  iris  contracts,  and  when  too  little  it 
(dilates.  It  is  the  action  .of  this  part  that  is  examined  by 
I  medical  men,  as  when  not  susceptible  of  the  influence  of  light 
J  great  danger  is  apprehended.  It  is  the  beautiful  variety  of 
(Colours  here  displayed  that  gives  the  character  or  name  to 
t  eyes,  and  thus  is  derived  its  rainbow  name  of  iris.  The  pupU, 
\when  expanded,  will  admit  ten  times  the  amount  of  light  that 
lit  does  when  contracted.  If  we  go  from  a  light  place  into  a 
I  moderately  dark  one,  at  first  we  cannot  distinguish  any  thing ; 
ffor  the  pupil  being  contracted,  a  suflicicnt  quantity  of  rays  of 
1  light  cannot  gain  admittance,  but  as  it  dilates  we  gradually 
I  begin  to  perceive  objects.  If  we  go  out  of  darkness  into  a 
p glare  of  light  the  eye  is  pained;  for  the  pupU  being  dilated, 
ttoo  much  light  rushes  in  before  it  is  accommodated  to  the 

•  quantity.  Behind  the  cornea  is  the  aqueous  humour  ?•?•,  in 
1  which  the  iiis  and  pupil  are  immersed ;  it  resembles  water, 
land  is  perfectly  limpid,  but  holds  in  solution  minute  portions 
9 of  several  saline  ingredients;  behind  this  is  the  crystalline 

Bilens  L  I.  It  is  formed  like,  and  performs  tho  ofiices  of,  a  double- 
Bp  convex  lens ;  but  is  not  equal  segments  of  spheres,  the  front 
■"being  somewhat  flatter  than  the  back  portion;  it  is  the  most 
^  refractive  power  in  the  eye.    It  is  about  the  sixth  of  an  inch 
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in  thickness,  and  about  twice  that  in  length.  The  substane 
is  arranged  ;somewhat  Hkc  the  coats  of  an  onion,  being  dividci; 
into  three  sections,  the  cleavage  plon-es  of  which  diverge  from 
the:axis  of  the  lens  at  angles  of  120. degrees.  In  composition 
it  .resembles  the  wliite  of  egg,  and  coagulates  when  boUed. 
The  lens  is  enclosed  an  a  transpai'ent  and  highly  elastic  mem- 
brane, marked  by  a  black  line  w,  which  shuts  in  a  very  small 
quantity  of  fluid  for  the  ^purpose  of  preserving  it  in  its  true 
and  useful  shape .  Its  important  function  is  to  refract  the  rays 
of  light,  -wluch  it  does  in  a  manner  that  is  rperfection  itself,  and 
causes  a  most  beautiful  and  perfect  image  of  external  objects 
to  .be  formed  on  the  back  part  of  the  eye.  Should  disease  pro- 
duce ran  opacity  of  the  lens,  it  is  called  cataract ;  and  the  sur- 
geon, after  exti'acting  it,  substitutes  a  double-convex  lens  in 
the  ijhapo  of  spectacles,  and  sight  is  regained.  The  space 
behind  the  lens  is  filled  with  a  humoiu'  .tr,  which  having  a 
supposed  resemblance  to  melted  glass  is  ealled  vitreous.  It  is 
transparent,  of  a  jcUy-lilcc  consistency,  and  preserves  the 
spherical  sliape  of  the  eye.  This  :pai-t  is  called  the  posterior 
chamber  of  'the  eye,  and  that  portion  before  the  lens  the  ante- 
riior.  The  substantial  covca-ing-s  of  -the  eye  ai-e  for  the  preserva- 
tion of  ;that  most  important  part,  n  n,  the  retina ;  the  optie 
merveierttersrthe  eye  at  o,  and  spreads  out  in  the  form  of  a  fine 
transparent  membrane  over  the  whole  of  the  concave  surface 
of  tlie  posteiior  chamber,  thereby  forming  the  retina ;  the 
Dutwaccd  portion  of  which  xesem'bles  the  matter  composing 
the  brain,  and  the  inner  part  a  most  delicate  web.  It  is  on 
this  that  the  images  are  thi'own,  and  imprcsssions  received  and 
conveyed  to  the  brain. 

'The  ciliaiy  bodj'-  d  d  is  a  thin,  dark,  annular  band,  hke  a 
frill  of  flat  outspreading  plaits,  which  encircle  but  do  not  reach 
to  the  circumference  of  the  lens.  The  front  is  attached  to  th» 
ciliary  ligament,  and  to  a  small  portion  of  the  back  of  the  iris. 
This  has  recentty  been  proved  to  be  a  muscular  body,  ex- 
erting great  influence  over  the  movements  of  the  his.  It  is 
thickly  coated  and  pervaded  -with  pigment,  except  at  the  ex- 
tremities of  about  seventy  minute  unattached  points  which 
fringe  the  inner  margin,  and  radiate  towards  the  lens  Ulce  the 
florets  of  a  marigold  round  its  central  disc ;  these  are  called  the 
ciliary  processes,  and  form  a  bordering  around  the  -vsindow 
part  of  the  eye.  / 


IHE  BYE. 


323 


We  can  see  nothing  but  what.  is  painted  on  the  back  of  the 
etina  of  the  eye;  wonderful,  then,  must  be  .the  correotness 
and  minuteness  of  the  picture  there  impressed.   'But  there,  is 
mother  fact  which  we  haw  not  yet  noticed,  which  is,  that 
\-ery  thing  is  there,  rcpreeent-ed  in  an  inverted  position.  The 
rays  of  li^t  from  the  . arrow  «  r it;  (fig..21-8)  fall  on'the  cornea 


f  the  eye,  between  c  and  n,  and  passing  throxigh  the  .pupil, 
■ns,  and  humoxu's,  will  canTerge  to  as  many  points  on 'the 
.'tina,  ;and  ;theTe  form  a  distinct  inverted  picture  of  tlie  arrow 
•  ra;  because  the  pencil  of  raysp'S  I  given  off  'at  a"\vill  con- 
vei^e  to  the  point  a  on  the  retina,  those  from- r  to  the  .point 
k,  r,  .those:from  iv  to  the  point  tf,  and  tlie  intermediate  points  in 
t  tie  same  manner,  by  which  meaais  the  perfect  picture  is  formed, 
rand  the  object  becomes  visible.    Now,  here  is  the  curious  point, 
tthat  although  on  the.retina  the  picture  is  invei'ted,  yet  we  see 
oobjects  erect.   JNo  .satisfaetory  explanation  has  yet  been  given 
eof  "this  phenomenon;  -some  writers  appear  to  thinik  that  it  is 
ttire  .sense  of  feeling,  which  ifrom  oariiest  infancy  we  practise, 
ktfaat  corrects  the  sense  of  .sight,  and  leads  us  always  to  judge 
ttkrngs  in  a  reverse  position  to 'that  on  the  eye.  On  this  point, 
rand  also  on  another  singularity  in  respect  to  the  wonders  of 
rmion,  .Dr.  Amott  offers  "the  following  philosophic  remarks : 
"  It  is. known  that  a  man  with  .wry-Tieck  judges  as  correctly  of 
itke  po.dtion  of  the  objects  -aTound  him  as  any  other  person, 
wevcr  deeming  them,  for  instance,  inclined  or  crooked,  because 
ifeeir  images  are  inclined' as  :regards  the  natural  perpendLcular 
Bsf  his  Tctina ;  ^md  -that  a  bedridden  person,  obliged  to  keep  Hv6 
diead  upon  the  pillow,  <soon  acquires  the  faculty  of  the 'person 
ntdth  wry-neck  ;  and  that  boy.s  who  at  play  bend  down  to  lo^^k 
^backwards  through  their  legs,  although  a  iittle  pur/led  atifhst) 
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because  the  usual  position  of  the  images  on  the  retina  is  re- 
versed, soon  see  as  well  in  that  way  as  in  any  other.  It  appears, 
therefore,  that  while  the  mind  studies  the  form,  colour,  <tc.  of 
external  objects  in  their  images  projected  on  the  retina,  it 
judges  of  their  position  by  the  direction  in  which  the  light 
comes  from  them  towards  the  eye,  no  more  deeming  an  object 
to  be  placed  low  because  its  image  may  be  low  in  the  eye, 
than  a  man  in  a  room  into  which  a  sunbeam  enters  by  a  hole 
in  the  window-shutter,  deems  the  sun  low  because  its  image 
is  on  the  floor.  A  candle  carried  past  a  keyhole  throws  its 
light  through  to  the  opposite  wall,  so  as  to  cause  the  luminous 
spot  there  to  move  in  a  direction  the  opposite  of  that  in  which 
the  candle  is  carried ;  but  a  child  is  very  young  who  has  not 
learned  to  judge  at  once  in  such  a  case  of  the  true  motion  of 
the  candle  by  the  opposite  apparent  motion  of  the  image.  A 
boatman,  who,  being  accustomed  to  his  oar,  can  dii'cct  its 
point  against  any  object  with  great  certainty,  has  long  ceased 
to  reflect,  that  to  move  the  point  of  the  oar  in  some  one  direc- 
tion, his  hand  must  move  in  the  contrary  direction.  jS^ow, 
the  seeing  things  upright,  by  images  which  are  inverted,  is  a 
phenomenon  akin  to  those  which  we  have  reviewed. 

"  Another  question  somewhat  allied  to  the  last  is,  why,  as 
we  have  two  eyes,  and  there  is  an  image  of  any  object  placed 
before  them  formed  in  each,  the  object  does  not,  appear 
to  us  to  be  double  ?  In  answer  to  this,  again,  we  need  only 
to  state  the  simple  facts  of  the  case.  In  the  two  eyes  there 
are  corresponchng  points,  such  that  when  a  similar  impression 
is  made  on  both,  the  sensation  or  vision  is  single  ;  but  if  the 
least  disturbance  of  the  position  occur,  the  vision  becomes 
double.  And  the  eyes  are  so  ■  wonderfully  associated,  that 
from  the  earliest  infancy  they  constantly  move  in  perfect 
unison.  By  slightly  pressing  a  finger  on  the  ball  of  either 
eye,  so  as  to  prevent  its  following  the  motion  of  the  other, 
there  is  immediately  produced  double  vision;  and  tumours 
about  the  eye  often  have  the  same  effect.  Persons  who  squint 
have  always  double  vision;  but  they  acquire  the  power  of 
fittending  to  the  sensation  of  one  eye  at  a  time.  Animals 
which  have  the  eyes  placed  on  opposite  sides  of  the  head,  so 
that  the  two  can  never  be  directed  to  the  same  point,  must 
have  in  a  more  remarkable  degree  the  faculty  of  thus  attending 
to  one  eye  at  a  time. 
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"  The  corresponding  points  in  the  two  eyes  are  equidistant, 
sand  in  similai*  directions  from  the  centres  of  the  retinae,  called 
tthe  points  of  distinct  vision,  at  which  centres  the  imaginarj 
lines  named  the  axes  of  the  eyes  terminate  ;  and  it  is  worthy 
of  remark  that  these  points,  in  being  both  to  the  right  or  both 
tto  the  left  of  the  centres,  must  be  one  of  them  on  the  inside  of 
the  centre,  as  regards  the  nose,  and  the  other  on  the  outside. 
^When  the  two  eyes  are  dii-ected  to  any  object,  their  axes  meet 
aat  it,  and  the  centres  of  the  two  retinae  are  opposite  to  it,  and 
laU  the  other  points  of  the  eyes  have  perfect  mutual  corre- 
spondence as  regards  that  object,  giving  the  sensation  of  single 
rvision;  but  the  images  fonned  at  the  same  time  of  an  object 
nearer  to  or  further  from  the  eye  than  the  first  supposed, 
not  fall  on  corresponding  points ;  for  an  object  nearer  than 
iwhere  the  axes  meet  would  have  its  images  on  the  outsides  of 
e  eyes,  and  an  object  more  distant  would  have  its  images  on 
,e  insides  0/  the  eyes,  and  in  either  case  the  vision  would  be 
iouble.    Thus  if  a  person  hold  the  two  forefingers  in  a  line 
Tom  his  eyes,  so  that  one  may  be  more  distant  than  the  other, 
)y  then  looking  at  the  nearest,  the  more  distant  will  appear 
"  uble ;  and  by  looking  at  the  more  distant,  the  nearer  will 
.j-ppear  double. 

The  reason  of  the  term  '  point  of  distinct  vision,'  applied 
'O  the  centre  of  the  retina,  is  discovered  at  once  by  looking 
,ut  a  printed  page,  and  observing  that  only  the  one  letter  to 
fhich  the  axis  of  the  eye  is  directed  is  distincth^  seen ;  so 
at  although  the  whole  page  be  depicted  on  the  retina  at 
nee,  the  eye,  in  reading,  directs  its  centre  successively  to 
very  part." 

.  Dr.  .Alison  is  of  opinion  "  that  the  harmony  between  the 
ntimations  acquired  by  sight  and  by  touch,  as  the  relative 
tosition  of  objects  or  their  parts,  notwithstanding  that  the 
mpressions  made  by  them  on  the  external  objects  of  sight  and 
f  touch  are  arranged  inversely  in  regard  to  one  another, 
•rises  from  the  course  of  the  optic  nerves  and  tractus  optici, 
thereby  impressions  on  the  upper  part  of  the  retina  are  in 
ict  iraprcs.sions  on  the  lower  part  of  the  optic  lobes — that  is  to 
ay,  of  the  sensorium — and  impressions  on  the  outer  part  of  the 
•etina  are,  in  like  manner,  on  the  inner  part  of  the  scnsoi-ium.'" 
On  this  interesting  subject  many  theories  are  advanced  by 
hose  whose  opinions  deserve  notice.    Kepler  considered  that 
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objects  appealed  oreot,  from  tlifi  ndird.  perceiving  the  impulse 
of  a  ray  on. the  lower,  jmrt  of,  the:retin-a,  and  he  conceives  thia 
ray  to  be-  directed  from  a  higher  part,  of:  the-  object,  and  vicfe 
versa. 

Eorterfield  ia  of  opinion,  that  the  mind  neyer.  sees  the.  pic-^ 
tnre  painted  on  the  retina,  and  therefore  never.-  thus  judges  of 
the  object;  and  that  in  seeiag  anj-  object,  the  mind,  by  virtue? 
of  a.  connate  immutable  law,  traces,  back  its  ovra  senaatioir 
from  the  swisorium  to  the  retina,  and  fi'om  thence  outwards,^ 
along  right  lines  drawn  perpendicularly  from  every  point  oi 
the  retina  on  which  any  impression  is  made  by  the  rays  formingi. 
the  pctm-e  towai'ds  the  object  itself^ . by  . which  means  the  mind 
always  sees  every  point  of  the  object,  not  in  the  sensoriuni.  or 
retinaj  but  -wdtliout  the  eyej  in  these  perpendicular,  lines..,  Btifc 
these  lines  nearly  coincide  with  the;  axes- of  the  sevei-al  pencils' 
of  rays  that  flow  to  the  eye  from  the  several  j)oints  of.  the- 
object;  and.  sijice  the  mind  has  also  the  i>ower  of  judging? 
rightly  of  the  distance  of  objects,  it  follows  that  eveiy  point 
of  the  object  must  appear  and.  be  seen  in.  the  place  where  it 
is  ;  and  consequently  that  the  object  must  appear  in  its  true 
erect  position,  not-witlistanding:  its  picture  on  the  retinai.is 
inverted. 

lleid.  and  Brewster  incline  to  the  above  opinion:;:  but 
Midler  objects  to  the  hypothesis  that  erect,  vision  is-  the 
result  of  oiu-  perceiving,  not  the  image  on  the  retina,  but  the-, 
direction  of  the  rays  of  light  which  produce  it  ;  in-volving-  an 
impossibility,  since  each  point  of  the  image  is  not  formed;  by 
rays  having  one  determinate  direction,  but  by  an  enth-e  cone 
of  rays.    And,  moreover,  vision  can  consist  onl}^  in.  the  per- 
ception of  the  state  of  the  retina  itself,  and  not  of,  any  thing 
l}ing  in  front  of  it  in  the  external  world.    The  hypothesia 
also  that  the  retina  has  an  ouiward  action,  and  that  objects  are 
seen  in  the  direction  of  decussating  HneSj  that  is  to  say,  in  the 
direction  of  the  perpendicular  of  each,  point, of  the. concavity  of 
the  retina,  is  a  perfectly  arbitrarj-  assumption  ;  since  there  is 
no  apparent  reason  why  one  du-ection  shoiild  have  the  prefer- 
ence rather  than  another ;  and  each  ultimate  sensitive  division 
of  the  I'etina,  if  it  had  the  power  of  action  beyond  itself, 
would  act  in  so  many  directions  as  radii  might  be  dra-wn.  from 
it  towards  the  exterior  world. 

It  appearing,  then,  .tliat  there  cannot  be.  perfect  sight  imlcss 
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where  a  peifect  image  is  formed  on  tlie  retina,  and  the  truth 
having  been  formerly  explained,  that  images  behind  any  lens 
mil  be  at  different  distances  from  it,  according  to  the  various 
distances  of  the  objects  in  front,  that  is  to  say,  according  as 
the  pencils  of  light  -which  fall  upon  it  have  more  or  less  of 
divergence  in  them,  it  follows  that  the  eye,  in  being  able  to 
see  distinctly  objects  at  any  distance  beyond  five  inches, 
possesses  a  power  of  altering  the  relation  of  its  parts  to  accom- 
modate itself  to  the  circumstances.  This  change  is  effected  by 
a  set  of  muscles  which  produce  some  alteration  in  the  form  of 
the  lens  and  eyeball:  but  among  the  human  race  it  happens 
that  all  do  not  originally  possess  these  powers  exactly  in  the 
requisite  degree,  and  that  many  lose  them,  as  life  advances, 
from  a  natural  decay. 

The  imperfection  called  short-sightedness  is  perceptible  in 
the  prominency  of  the  cornea,  and  arises  from  the  too  great 
convexity  of  the  cornea  or  lens;    Thus  in  fig.  219  it  will  be 


Fig.  219. 

seen  the  rays  are  too  much  rcfractisd',  and  brought  to  a  focus 
before  amving  at  the  retina,,  consequently  tHe  rays  again 
spread,  and  the  object  is  rcndfered"  indistinct.    Persons  so 
afl^cted  hold  anything  they  havo  to  look  at  near  to  the  eye,  by 
'  which  the  rays  falling  on  the  ciystallino  humour  are  more 
divergent  and  do  not  so  soon  come  to  a  focus.    To  lessen  the 
defect,  which  is  a  serious  inconvenience  in  crowded  streets, 
concave  lenses  are  fitted  into  frames,  and' then  called  spectacles ; 
•  these  arc  placed  before  the  eye,  and  cause  the  perfect  image 
t  U>  be  formed  further  from  the  lens  in  the  eye,  and;  hence  not 
\  brought  to  a  focus  until  it  reaches  the  retina.    The  nearer  an 
i:  object  is  brought  to  a  lens,  the  further  the  image  recedes. 
Short-.sighted  people  require  concave  lenses,  as  in  fig.  220, 
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where  the  rays  of  light  proceeding  from  a  pass  through  the 
lens  e  e,  and  are  brought  to  a  focus  on  the  retina  at  /,  as  shown ' 
by  the  dotted  lines ;  whereas  -without  the  intervention  of  the 
lens  e  e,  the  rays  would  be  brought  to  a  focus  at  d. 


Fig.  220. 

Myopism,  as  it  is  generally  called,  is  increased  by  using 
glasses  more  powerful  than  necessary.  The  eyes  of  such  persons 
are  mostly  strong,  that  is,  capable  of  great  exercise  in  reading, 
writing,  drawing,  and  otlicr  works  dependent  most  particularly 
on  eyesight,  and  in  which  the  lenses  are  not  requisite ;  this  in 
some  respect  recompenses  them  for  the  disagreeableness  and 
disfigurement  of  perpetually  wearing  spectacles.  This  defect 
generally  diminishes  with  years ;  and  the  person  who  in  youth 
needed  sjiectaclcs,  in  old  age  can  see  well  mthout  them. 

Long  sight,  presbyopy,  is  exactly  the  reverse  of  short  sight, 
and  in  many  instances  equally  anno5"ing  from  not  seeing  near 
objects  well.  Thus  in  fig.  221,  it  is  seen  that  the  rays  of  hght 
do  not  collect  to  a  focus  on  the  retina  at  a  h,  but  do  so  at  c  behind 


Fig.  221. 

it,  and  hence  long-sighted  persons  hold  an  object  at  a  distance 
fi'om  their  eyes ;  for  the  more  distant  the  object  is  from  the 
crystalline  lens,  the  nearer  the  image  wiU  be  to  it,  and  thuS  ' 
be  brought  to  the  proper  position  on  the  retina,  whereby  such 
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persons  can  see  distinctly.  The  auxiliaries  of  science  to  the 
long-sighted  are  convex  lenses  e  e  (fig.  222)  fitted  up  as  spec- 
tacles, which  causing  the  rays  of  light  proceeding  from  a  to 
converge,  are  brought  to  a  focus  on  the  back  of  the  retina  at/. 


a 


Fig.  222. 


instetid  of  passing  as  it  were  beyond  it  to  d :  the  dotted  lines 
show  the  effect  of  the  convex  lens  e  e. 

These  are  not  the  only  cases  of  defective  vision ;  others  arising^ 
from  malconformation  of  the  cornea  are  much  more  common 
than  has  been  supposed,  and  it  is  said  that  few  eyes  are  free 
from  them.    One  eye  may  be  alone  affected  ;  and  a  most  re- 
markable and  instructive  instance  of  this  defect  has  been 
adduced  in  the  person  of  the  Astronomer  Royal,  Professor  Airy. 
In  his  case  it  arose  from  a  defect  in  the  figures  of  the  cornea 
and  lens :  he  ascertained  the  eye  to  refract  the  rays  to  a  nearer 
focus  in  a  vertical  than  in  a  horizontal  plane,  which  rendered 
tlie  eye  utterly  useless  to  him,  and  a  serious  impediment  to  his 
astronomical  investigations.     To  correct  this,  after  much 
thought,  Professor  Airy  himself  contrived  to  have  made  a 
'louble-concave  lens,  in  which  one  sm-face  was  spherical,  and 
the  other  cylindrical.    The  use  of  the  spherical  surface  was 
i')T  the  purpose  of  coiTecting  the  general  defect  of  the  too- 
'  onvex  cornea.    And  in  his  own  words  :  "  After  some  ineffec- 
tual apphcations  to  different  workmen,  I  at  last  procured  a 
lens  to  these  dimensions:  radius  of  the  spherical  surface  Sc- 
inches, of  the  cylindrical  4|,  from  Mr.  Fuller,  of  IpsAvich.  I 
i-an  now  road  the  smallest  print  at  a  considerable  distance  witli 
the  left — the  defective — eye  as  well  as  the  right.    I  have 
t  found  that  vision  is  most  distinct  when  the  eylindi-ical  surface 
.  is  turned  from  the  eye  ;  and  as,  when  the  lens  is  distant  from 
t  the  eye,  it  alters  the  apparent  figure  of  objects  by  refracting 
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differently  the  rays  in  different  planes,  I  judged  it  proper  to- 
have  the  frame  of  my  spectacles  made  so  as  to  bring  the  glass; 
pretty  close  to  the  eye.  With  these  precantions  I  find  that, 
the  eye,  which  I  once  feared  would  become  quite  useless,  can 
be  used  in  almost  every  respect  as  well  as  the  other." 

An  ingenious  instrument,  termed  the  Ophthalmoscope,  has 
been  invented  for  the  purpose  of  examining  the  changes  pro- 
duced by  disease  in  the  internal  eye.  Fig.  223  represents  the 
instrument  in  use.  The  rays  from  the  flame  of  a  lamp,  reflected 
by  a  concave  mirror  a  b,  fall  in  a  state  of  convergence  on  a 


Fig.  223. 

convex  lens  c  of  about  1^  inch  focus,  held  just  before  the  eye 
under  examination.  The  rays  of  light  are  so  much  converged 
by  the  additional  refraction  they  imdergo  on  entering  the  eye, 
that  they  quickly  come  to  a  foeus,  cross,  and  are  dispersed  over 
the  retiaa,  and  thus  this  membrane  is  fully  illumiuated.  The 
observer's  eye  at  d  is  looking  thi'ough  the  small  central  aper- 
ture in  the  middle  of  the  concave  mirror,  wliich  he  holds  ia 
his  hand. 

The  earliest  observation,  and  which  doubtless  led  to  the 
discovery  of  the  ophthalmoscope,  was  the  mirror-like  reflexion 
of  Hght  seen  to  emanate  from  the  eyes  of  certain  animals. 
Prevost  demonstrated,  in  1810,  that  this  was  produced  by  a 
ray  of  light  falling  upon  the  eye,  and,  being  reflected  back, 
gave  the  eye  that  mirror-hke  appearance,  to  see  which  per- 
fectly, the  animal  must  be  in  a  darkened  place,  and  the  light 
made  to  fall  upon  it  from  without.  This  observation  has  only, 
lately  been  revived  and  studied  by  Gumming,  Beer,  Erlach, 
Helmholtz,  Briicke,  and  others,  in  the  human  eye.  [The 
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instniment  and  its  uses  are  fully  described  iu  a  little  work  by- 
ilr.  Jabez  Hogg.] 

The  focal  centre  of  the  eye  is  generally  admitted  to  be  at  a 
veiy  little  distance  behiud  the  crystalline  lens,  and  the  angle 
formed  by  the  intersecting  axial  rays  from  the  two  eyes  is 
called  the  visual  angle.  In  looking  steadily  at  an  object  with 
both  eyes,  it  has  to  be  brought  into  the  focal  centre  of  the; 
produced  visual  axisj  and  in  doing  this  the  eye  revolves  roundi 
a  point  which  is  \h&  focal  centre:  The  motion  is  aocomplishedi 
by  the  reciprocal  sympathy  of.  the  muscles  of  each  eye  mutu- 
aUj  acting  together. 

The  eye,  on  seeing  a  landscape,  does,  not  take  in  ail  the 
points  at  the  same  time ;  but  so  rapidly  does  it  move,  that  by 
j  the  retention  of  points  on  the  retina,  the  picture  seems  a  whole, 
I ;  and  the  mind  receives  it  as  if  all  was  seen  at  the  same  instant. 
"  Hence  it  is  believed  that  we  only  see  perfectly  the  particular 
:  points  of  an  object  when  the  axis  of  the  eye  is  in  a  direct  line 
■  with  it.    Dr.  Young  states,  that  by  fixing  the  eye  steadily  in 
:  its  usual  position,  a  little  forward  and  downward,  and  moving 
;  a  luminous  object,  the  range  of  vision  uj)wards  is  50°,  down- 
1  wards  70°,  inwards  60°,  and  outwards  90°;  that  is,  a  hori- 
;  zontal  play  of  150°,  and  a  vertical  play  of  120°.    But  of  coui'se 
i  different  eyes  vary  in  their  powers. 

K  a  person  look  do-«Ti  upon  a  human  eye  immersed  in  water, 
sasmaybe  tried  when  bathing,  the  iris  will  be  seen  shining 
b  brightly  inside  the  eye,  while  the  cornea  will  seem  to  have 
d disappeared,  and  water  penetrated  the  eye.  The  illusion  is  so 
[.perfect  as  to  alarm  the  person  who  gazes  on  an  eye  so  situated, 
ffirom  its  unnatural  appearance.  The  diver,  when  he  looks 
'.  upwards,  sees  things  as  if  through  a  small  round  hole ;  but  all 
!■  objects  are  visible,  those  near  the  horizon  distorted,  and  con- 
i  tracted  as  to  height. 

K  we  gaze  at  the  bright  sun,  and  then  close  our  eyes, 
f various  colours  are  seen  before  the  form  of  the  object  disap- 
fcpears.  Sir  Isaac  Newton  experimented  on  this  subject,  and 
fcwrote  an  account  of  it  to  Locke.  He  describes  fii-st  looldng 
Mat  tb&  svm,  and  then  seeing  the  visionaiy  appearance  after- 
Jwards.  "  At  length,"  says  he,  "  by  repeating  this,  without 
»loGMng  any  more  at  the  sun,  I  made  such  an  impression  on 
wny  eye,  that  if  I  looked  upon  the  clouds,  or  book,  or  any 
^bright  object,  I  saw  before  it  a  round  bright  spot  like  the  sun 
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and,  "vvhat  is  still  sti'anger,  though  I  looked  upon  the  sun  with 
my  right  eye  only,  and  not  with  my  left,  yet  my  fancy  began 
to  make  an  impression  upon  my  left  eye  as  well  as  upon  my 
right ;  for  if  I  shut  my  right  eye,  and  looked  upon  a  book  or 
a  cloud  with  my  left  eye,  I  could  see  the  spectrum  of  the  sun 
almost  as  plain  as  with  my  right  eye,  if  I  did  but  intend  my 
fancy  a  little  while  upon  it ;  for  at  first,  if  I  shut  my  right 
eye,  and  looked  with  my  left,  the  spectrum  of  the  sxm  did  not 
appear  till  I  intended  my  fancy  upon  it ;  hut  by  repeating  this 
it  appeared  every  time  more  easily.  And  now,  in  a  few  hours' 
time  I  had  brought  my  eyes  to  such  a  pass,  that  I  could  look 
on  no  bright  object  with  either  eye,  but  I  saw  the  sun  before 
me,  so  that  I  durst  neither  write  nor  read ;  but  to  recover  the 
use  of  my  eyes,  shut  myself  up  in  my  chamber  made  dark  for 
three  days  together,  and  used  all  means  to  direct  my  imagina- 
tion from  the  sim ;  for  if  I  thought  upon  him,  I  presently  saw 
his  picture,  though  I  was  in  the  dark ;  but  by  keeping  in  the 
dai'k,  and  employing  my  mind  upon  other  things,  I  began  in 
three  or  four  days  to  have  some  use  of  my  eyes  agaia,  and  by 
forbearing  to  look  upon  bright  objects,  recovered  them  pretty . 
well,  though  not  so  weE  but  that,  for  some  months  after,  the 
spectrum  of  the .  sun  began  to  return  as  often  as  I  began  to 
meditate  on  the  phenomena,  even  though  I  lay  iu  bed  at  mid- 
night mth  my  curtains  drawn." 

"W'hat  amazing  adaptation  has  the  eye  to  circumstances 
affecting  it,  when  we  have  the  power  of  reading  by  the  light 
of  the  full  moon  and  the  noonday  sun,  the  difference  of  their  ■ 
intensities  being  as  one  to  three  hundred  thousand  ! 

Our  perception  of  objects  arises  from  the  impressions  on  the 
retina  being  communicated  by  the  optic  nerve  to  the  brain, 
where  they  are  what  we  call  recognized  by  the  mind  ;  thus, 
we  do  not  see  the  objects  painted  on  the  retina,  as  we  would 
need  another  eye  to  do  so.  When  the  nerve  is  diseased  or 
injured,  the  retina  may  receive  the  image,  but  the  mind  no 
longer  is  susceptible  of  the  impression.  When  the  brain  is. 
disordered  the  optic  nerve  sympathizes  so  much,  that,  without 
the  retina  having  such  an  object  upon  it,  there  is  presented  to 
the  mind  those  singular  delusions  cleverly  described  in  the 
*  Philosophy  of  Apparitions while  in  fever,  and  the  gradual 
decay  of  the  healthy  state  of  the  nerves  on  the  bod  of  death, 
there  arise  many  remarkable  delusions. 
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An  optical  spectrum  is  seen  when  the  eye  has  been  strained  by 
looking  on  any  particular  object  or  colour.  The  ray  of  white 
light  consists,  as  we  have  shown,  of  three  primitive  colours. 
Now,  if  the  eye  is  fatigued  by  one  of  these  colours,  or  it  be 
lost,  mechanically  or  physiologically,  the  impression  of  two 
only  will  remain,  and  this  accidental  or  complementary  colour 
is  composed  of  the  two  remaining  constituents  of  the  white 
ray.  Thus  if  the  eye  has  been  strained  on  a  red  colour,  it  is 
insensible  to  this,  but  perceives  the  blue  and  the  yellow,  the 
combination  of  which  is  green.  So,  if  we  look  long  on  a  green 
spot,  and  then  fix  the  eye  on  white  paper,  the  spectrum  will 
be  of  a  light  red.  A  violet  spot  will  become  yelloiu ;  a  hJue 
spot  orange-red ;  a  hlaclc  spot  will  entirely  disappear  on  a  ivhite 
ground,  for  it  has  no  complementary  coloiu- ;  but  it  appears 
white  on  a  durTc  ground,  as  a  white  spot  will  change  to  black. 
The  colours  of  objects  are  also  changed  in  some  cases  of 
ophthalmia :  the  eye,  from  certain  diseases  of  the  nei-ve,  may 
only  see  half  its  objects ;  the  same  things  may  appear  and  dis- 
appear alternately ;  objects  at  rest  may  appeal*  in  motion ;  and 
I  the  spectral  images  of  persons  and  things  formerly  seen  may 
\  be  exactly  reproduced.  Even  more  than  this  may  occur  phy- 
fsically,  for  material  objects  may  seem  what  they  are  not,  and 
(  especially  under  certain  predisposing  causes  of  a  mental  nature. 

Optical  illusions,  at  times,  present  themselves  in  very  curious 
iand  mystic  aspects ;  which  is  doubtless  owing  as  much  to  some 
t^temporary  derangement  of  the  organ  of  vision,  as  to  tliat  of 
bodily  ill  health,  or  to  external  refraction. 

One  of  the  sublime  provisions  with  which  the  eye  is  gifted 
ifl  the  duration  of  the  impressions  on  the  retina,  so  that  Ave  are 
enabled  in  the  frequent  flashing  of  the  eyelids  over  the  eye 
ever  to  lose  sight  of  the  object  engaging  our  attention. 
There  are  several  conditions  necessary  to  convey  the  impres- 
sion of  the  object  to  the  optic  nerve,  and  from  thence  to  the 
irain.    Of  these  one  is  a  certain  length  of  time  for  light  to 
|?ixcite  the  impression,  which,  after  doing  so,  is  retained  after 
cause  has  ceased.    M.  D'Arcy  found  that  when  a  live  coal 
'  .vas  s-svung  round  in  a  circle  165  feet  distance,  the  impression 
•emaincd  on  the  retina  a  little  above  the  seventh  part  of  a 
j  iooond.    But  the  duration  of  the  impression  depends  on  tho 
I  x)lour  of  the  light,  for  white  remains  longest,  next  yellow, 
hen  red,  and  blue  tho  shortest  period.    Taking  the 
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length,  of  time  for  the  duration  of  the  impression  by  all  the 
coloui'S,  from  the  instant  of  their  maximum  intensity  till  their 
disappearance,  it  is  found  to  be  one-third  of  a  second  in  a 
dark  room,  and  one-sixth  of  a  second  in  a  light  room.  If  two 
or  more  impressions  succeed  each  other  at  such  short  intervals 
so  that  the  first  has  not  faded  away  before  the  next  commences, 
they  run  into  each  other,  the  eye  seeming  to  receive  them  as  if 
they  were  but  one  impression,  as  we  know  when  we  whirl 
round  a  piece  of  burning  stick,  which  seems  like  a  perfect 
circle  of  fire.  Fireworks  produce  this  effect,  and  lightning 
appears  as  a  stream  of  Hght.  The  retina  must  also  be  ex- 
posed to  the  influence  of  an  object  before  it  can  be  visible : 
thus  the  flight  of  a  musket-baU  being  too  rapid  to  cause  an 
impression,  it  is  not  seen;  again,  if  the  luminous  impression 
be  too  weak,  the  object  cannot  be  discerned.  Innumerable 
optical  toys  and  pjTotechnic  apparatus  owe  their  effects  to  the 
continuance  of  the  impression  on  the  retiaa,  when  the  object 
has  changed  its  position.  The  thawnatropes,  jplienakistiscopes, 
phantoscopes,  anorthoscopes,  Gorham's  colour-top,  (fee,  are  all 
explained  upon  this  last-mentioned  principle. 

In  using  a  lens,  those  rays  that  fall  upon  it  at  a  distance 
from  the  axis,  intersect  those  that  fall  upon  it  nearer  to  the 
axis,  and  consequently,  on  being  refracted  nearer  the  lens 
than  the  piincipal  focus,  indistinctness  is  created,  an  eff'ect 
which  is  called  spherical  aberration  ;  this  in  lenses  is  remedied 
by  covering  the  rims,  or  part  of  theii'  surfaces,  by  some  sub- 
stance -which  is  not  transpai'ent,  so  that  the  rays  pass  through 
only  that  part  where,  on  meeting  after  refraction,  they  vrill  be 
at  one  point.  In  the  eye  this  indistinctness  is  provided 
against  by  the  shape  of  the  crystalline  himiour,  the  place  of 
the  iris,  which  also  covers  up  a  portion  of  the  lens,  and  by  the 
concavity  of  the  retina,  all  combining  most  wonderfully  to 
effect  the  desired  object,  and  perfection  of  vision. 

"We  know  that  in  an  artificial  convex  lens  it  is  limited  in  its 
power,  according  to  distance,  of  showing  distinct  images,  yet, 
resembling  it  as  it  does,  the  human  eye  has  a  beautiful  mus- 
cular adaptation  by  which  distant  as  well  as  near  objects  may 
be  instantaneously  seen  in  a  most  distinct  manner ;  a  power  of 
self-adjustment,  although  limited,  yet  most  iniportant  to  ouT 
happiness  and  preserv^ation  of  Hfc. 

Even  achromatic  object-glasses  are  so  far  imperfect,  that  they 
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do  not  bring  the  cJiemical  rays  of  light  to  the  same  focus  as 
the  lumhwus  rays.  There  is  Likewise  another  property  termed 
latent  light,  or  the  influence  and  principle  of  light  in  darkness. 
The  continuating  rays  of  light  are  those  that  would  appear  to 
prolong  the  disturbance  of  the  surface  of  a  body  once  set  up 
or  begun.  The  yellow  are  the  continuating  rays  :  by  -means 
of  these,  photographers  are  enabled  to  develope  an  invisible 
image  when  the  change  has  been  once  begun  or  set-up  on  the 
.  chemically  prepared  surface. 

This  curious  property  of  the  yellow  rays  of  light  may 
afford  us  some  clue  to  the  use  of  the  yellow  spot  in  the  central 
:  region  of  the  retina,  known  as  the  yellow  spot  of  Soemmering, 
!  not  far  removed  from  the  optic  nerve  itself,  but  where  the 
jllight  as  it  enters  the  eye  is  first  received:  we  may  therefore 
^suppose  the-  retention  of  the  impressions  to  be  stronger  here, 
towing  to  the  continuating  power  of  this  yellow  spot.  It  is 
( quite  certain  that  the  retina  at  this  very  spot  is  more  sensitive 
I  than  elsewhere,  which  no  doubt  arises  from  the  luminous  rays 
lacting  more  energetically  upon  it. 

Here  we  have  a  curious  and  important  physiologicail  inquiry, 
nffording  some  explanation  of  the  indelible  fixed  impress  re- 
!»;eived  with  the  rapidity  of  an  electric  flash,  and  hence  con- 
rfrejcd  to  the  mind,  to  be  there  reproduced  at  will  with  the 
Bame  vividness  years  after  the  first  momcntaiy  impression  was 
teceived  xipon  the  retina. 

There  is  another  remarkable  fact  which  must  not  escape 
i>ur  attention :  at  the  spot  where  the  optic  nerve  enters  the  eye 
:t  is  totally  insensible  to  the  stimulus  of  light ;  for  this  reason 
.  t  is  called  the  blind  sjwt.    It  is  known  that  at  this  point  the 
nerve  is  not  yet  divided  into  those  almost  infinitely  minute 
■Ujres,  which  are  fine  enough  to  be  either  thrown  into  tremora 
wr  otherwise  changed  in  their  mechanical,  chemical,  or  other 
fcate,  by  a  stimidus  so  delicate  as  the  rays  of  light.    A  simple 
Bad  curious  experiment  wiU  at  once  prove  its  existence.  On 
M-  sheet  of  black  paper,  or  other  dark  ground,  place  two  white 
■--afers,  ha-ving  their  centres  three  inches  distant.  Vertically 
■oove  that  to  the  left  hold  the  rir/ht  eye  at  twelve  inches  from 
■  ,  and  so  that,  when  looking  down  on  it,  the  line  joining  'the 
■«vo  eyes  shaU  be  parallel  to  that  joining  the  centre  of  the 
^afers.    In  this  situation,  closing  the  left  eye,  and  looking  fnll 
Bith  the  right  at  the  wafer  perpendicularly  below  it,  this  only 
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is  seen,  the  other  being  completely  invisible.  But  if  removed 
ever  so  little  from  its  place,  either  to  the  right  or  left,  above 
or  below,  it  becomes  immediately  visible,  and  starts  as  it  were 
into  existence.  It  will  cease  to  be  thought  singular,  that  this 
fact  of  the  absolute  invisibility  of  objects  in  a  certain  point  of 
the  field  of  view  of  each  eye,  should  be  one  of  which  scarcely 
one  person  in  a  thousand  is  apprised,  since  it  is  well  known  to 
medical  men  that  persons  have  been  totally  blind  v,^th.  one  eye 
without  tlieir  being  at  all  aware  of  the  fact. 

"We  judge  the  dimensions  of  objects,  that  is,  their  real  from 
their  apparent  magnitude,  by  the  angle  under  which  its  rays 
intersect  each  other  in  the  eye,  aided  by  its  distance,  position, 
and  motions,  which  oiu'  judgment  draws  conclusions  from  by 
continued  exercise,  commencing  in  earliest  infancy,  assisted  by 
experience  in  after  life.  We  infer  the  size  of  distant  objects 
ft'om  the  decrease  of  the  visual  angle,  as  Avell  as  the  relative 
distances  of  objects  from  each  other  by  the  angle  of  \ision 
varying  at  each  point.  The  apparent  or  linear  magnitude 
must  be  of  a  certain  size  to  produce  an  image  on  the  retina, 
besides  an  illuminating  power  and  colour.  The  image  of  an 
object  moderately  illuminated  must  be  O-OOl  of  an  inch  long, 
or  the  extreme  rays  of  light  must  form  an  angle  of  half  a 
minute  in  the  eye  at  a  minimum ;  whence  it  follows  that  an 
object  of  mean  illuminating  power  will  be  visible  if  its  distance 
from  us  is  not  more  than  68,000  or  69,000  times  its  greatest 
length.  Strongly  luminous  bodies,  such  as  the  fixed  stars, 
are  visible  at  infinitely  small  visual  angles ;  they  excite  in  the 
e5-e  merely  a  sensation  of  light,  "wdthout  creating  any  impres- 
sion as  to  their  apparent  magnitude  or  even  form. 

Plateau  asserts  that  white  may  be  distinctly  seen  in  the 
light  of  the  sun  at  an  angle  of  12",  yellow  at  one  of  13",  red  li 
at  23",  and  blue  at  26"  ;  but  that  in  ordinarj'-  daj'hght  these  11 1 
angles  must  be  half  as  large  again.  ||: 

We  judge  of  the  motions  of  bodies  by  their  images  moving  III 
on  the  retina;  but  to  be  able  to  detect  motion,  the  line  of ■! 
vision  must  describe  at  the  least  one  degree  in  each  minute  of  B  i 
time:  this  not  being  the  case  with  the  heavenly  bodies,  their  Hi 
motions  are  imperceptible.  The  nearer  the  direction  of  thej|i 
motion  is  at  right  angles  to  the  line  of  vision,  the  greater  willBj 
be  the  apparent  motion  produced  by  any  real  movement  of  aiiBt 
object.    The  hour-hand  on  a  clock  stealing  stealthily  aloiig|||| 
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is  not  perceptible,  from  having  less  motion  than  that  stated 
above. 

At  the  first  glance  at  the  subject  of  single  vision,  it  seems 
strange  with  two  ejes,  having  each  an  impression  of  an  object 
on  the  retina,  that  we  do  not  see  the  object  double.  But  the 
beautiful  mechanism  of  the  muscles  that  move  the  eyes  acts  in 
such  perfect  unison,  that  the  axes  of  the  eyes  converge  to- 
wards the  object  to  which  they  are  adjusted,  and  the  image 
falls  exactly  on  the  same  parts  of  the  two  retinae. 

If  a  J  (fig.  224)  be  the  two  eyes,  and  c  the  object  before 
them,  ac,  be  are  the  axes  that  meet  in  c,  therefore  an  image 
is  produced  in  each  eye  which  will  correspond  with  the  per- 
spective projection  of  the  object 

from  the  points  a  and  b.  But  if  ^ — 
the  eyes  be  set  so  that  their  axes  ' 
meet  either  before  or  beyond  the 
object,  then  we  see  the  object 
double.  Thus,  if  a  candle  be  at 
a  distance  of  about  ten  feet,  we 
see  it  distinctly  as  one  object;  Fig.  224. 

but  if  we  place  a  finger,  e,  fig.  225,  at  about  ten  inches  from 
the  eyes,  and  look  steadily  at  it,  then  a  candle,  n  d,  will  be 
seen  on  both  sides  of  the  finger.  This  arises  from  the  axes  of 
the  eyes  meeting  at  the  finger,  and  their  crossing  one  another  ; 
the  rays  from  the  light  passing  on  each  side  of  the  finger  pro- 
duce two  images  of  the  candle  on  the  retinae.  But  if  the  optic 
axes  be  directed  to  the  light  c,  then  the  finger  will  be  seen 
double,  E  E,  on  each  side  of  the  light. 

Should,  however,  the  object  be  brought  so  close  to  the  eyes 
I  that  the  optic  axes  converge,  then  the  perspective  projections 
I  of  the  object  are  seen  differently  by  each  eye,  and  increase  in 
'  difi'erence  the  nearer  the  object  is  brought  towards  the  eyes, 
Ifrom  the  greater  convergence  of  the  optic  axes.  Thus,  when 
iwe  place  an  object  within  two  or  three  inches  of  the  eyes,  and 
"  look  at  it  first  with  one  eye  and  then  with  another,  the  head 
being  kept  in  the  same  position,  the  perspective  projections 
•will  seem  to  be  different ;  we  thus  compel  the  eyes  to  converge 
to  the  degree  of  squinting,  whilst  with  distant  objects  they  are 
nearly  parallel.  The  quality  of  focal  change  becomes  of  more 
value  and  importance  in  cases  where  the  sight  of  one  eye  is 
lost.    A  person  suddenly  deprived  of  the  use  of  one  eye  esti- 
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mates  with  the  greatest  difficulty  the  distance  of  objects.  It 
would  be  almost  impossible  to  snuff  a 
candle  with  one  eye  closed,  or  even  to 
place  the  finger  exactly  on  any  fixed 
point.  The  single  eye,  like  the  single 
leg  of  a  compass,  cannot  at  first  mea- 
sure distance ;  but,  after  some  time, 
experience  teaches  the  one  eye  to  esti- 
mate distance  by  the  change  of  focus 
alone,  whilst  with  both  eyes  we  feel 
and  measure  distance  by  the  conver- 
gence and  divergence  of  the  visual 
axis. 

TJie  Stereoscope. 

The  remarkable  phenomenon  just 
alluded  to,  engaged  the  attention  of 
Professor  Wheatstone,  who,  on  the  21st 
of  June,  1838,  read  a  paper  at  the 
Eoyal  Society  "  On  some  previously 
imobserved  Phenomena  of  Binocular 
Vision"  (sight  with  two  eyes);  in  the 
course  of  which  he  described  an  in- 
strument, the  Stereoscope,  invented  by 
himself,  by  which  two  perspective  dia- 
grams of  the  same  solid  were  seen  at 
one  view,  so  as  to  appear  as  completely 
sohd  as  the  object  itself. 

In  1839,  Mr.  Wheatstone  brought 
his  discovery  before  the  British  Asso-  ^ig-  225. 

ciation,  at  Newcastle,  where  it  gave  rise  to  a  discussion  of 
great  interest,  in  which  Sir  D.  Brewster  and  Professor  Whewell 
took  part;  and  Sir  John  Herschel  characterized  the  discovery 
"  as  one  of  the  most  curious  and  beautiful  for  its  simphcity  in 
the  entire  range  of  experimental  optics."  In  Germany  the 
subject  excited  stiU  more  interest,  and  was  at  once  eagerly 
taken  up.  The  new  light  thrown  on  the  subject  of  double 
vision  engaged  the  attention  of  the  most  able  physiologists 
and  metaphysicians;  and  M.  Prevost  contributed  an  able 
and  scientific  paper  on  the  subject.  In  the  commencement 
of  1839,  the  photographic  art,  upon  which  Niepce,  Talbot, 
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and  Daguerre  had  long  been  at  work,  was  at  length,  matured ; 
and  Mr.  Talbot  and  Mr.  CoUen  in  the  same  year,  at  Mr. 
Wheatstone's  request,  prepared  photographs  of  full-sized 
statues,  buildings,  and  portraits,  for  the  stereoscope.  Mr. 
Wheatstone's  diagrams  were  at  once  a  proof  that  small  draw- 
ings may  be  made  to  represent  under  the  stereoscope  the  com- 
plete effect  of  reality.  Two  mioiatures  might  be  painted, 
each  with  one  eye,  if  the  artist  could  attain,  sufficient  accuracy, 
which,  viewed  in  the  stereoscope,  would  be  seen  as  one  solid, 
life-like  picture. 

These,  however,  were  not  the  only  illustrations  of  an  import- 
ant discovery  in  science.  A  new  step  was  gaiaed  in  explanation 
of  a  certain  phenomenon  of  sight.  It  was  clear  that  the  inner 
eye  (if  we  may  use  the  phrase)  is  furnished  with  two  outer  eyes, 
not  merely-  for  the  imiformity  of  the  face,  nor  to  puzzle  phi- 
losophers, but  to  provide  for  an  instantaneous  perfect  vision  of 
the  form  and  position  of  objects;  the  one  eye,  in  fact,  seeing 
round  one  side,  the  other  eye  round  the  other  side,  and  the 
inner  eye  having  thus  brought  before  it  in  one  and  in  full 
'.  solidity  the  whole  object. 

That  the  same  body  is  seen  differently  by  the  two  eyes,  will 
1  be  rendered  more  intelligible  by  consideriag  the  relative  posi- 
)  tion  of  the  rays  proceeding  from  the  several  points  of  the 
J  pyramid  (fig.  226)  to  the  eye.  Let  the  pyramid  a,  placed  on 
\  the  table  b,  be  viewed  by  the  eyes  of  a  person  looking  perpen- 
f  dicularly  down  upon  it,  and  suppose  that  lines  drawn  from 
\  the  several  comers  of  the  pyramid  to  each  eye  be  intercepted 
^  by  a  screen  c,  placed  parallel  to  6 ;  of  these  the  four  back 
llines  only  are  drawn  in  the  diagram.  By  joining  the  several 
jpoiats  where  these  Hues  pass  through  the  screen,  we  obtain 
tthe  figures  drawn  on  it,  which  are  the  projections  of  the 
|i  pyramid,  and  which  correspond  with  the  images  produced  on 

!e  two  retiuae.  It  will  be  seen  from  the  relative  position  of 
e  lines  drawn  from  the  two  eyes  to  the  pyramid,  that  the 
ejections  on  c  wiU  be  necessarily  dissimilar,  the  interior 
uares  being  nearer  to  the  contiguous  sides  of  the  outer  ones ; 
id  it  is  from  the  supposition  of  these  dissimilar  images  that 
ic  mind  infers  the  elevation  of  the  smaller  square  above,  or 
front  of,  the  larger  one,  and  consequently  the  true  relative 
)sition  of  the  lines  drawn  one  to  the  other,  forming  the  lateral 
Iges  of  the  pyramid. 
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The  word  stereoscope  is  derived  from  two  Greek  "words, 
signifying  solid  and  to  see.    It  therefore  applies  to  an  instru- 


Kg.  226. 

ment  which  enables  us  to  view  two  plane  surfaces  in  such  a 
manner  that  they  appear  as  a  natural  figure  in  relief.  One 
figure  in  the  stereoscope  should  represent  a  solid  body  exactly 
as  viewed  with  one  eye ;  the  other,  as  viewed  with  the  other. 
They  should  differ  just  as  much  as  any  near  object  is  seen  to 
differ  from  itself,  on  alternately  shutting  either  eye.  Thus  in 
taJiing  photographic  views  for  the  stereoscope,  the  camera 
should  be  shifted  only  a  few  inches  (in  fact,  the  distance 
between  the  eyes)  for  the  second  operation.  It  is  very  common 
for  the  pictures  to  be  taken  from  points  of  view  at  a  greater 
distance  apart — several  feet  instead  of  inches.  The  result  of 
this  is,  that,  on  viewing  both  simultaneously,  a  model  is  seen, 
not  a  natural  object.  An  unnatural  rehef  is  obtained  as  if  we 
can  see  too  far  round  the  corner,  or  regard  three  sides  of  an 
object  at  one  moment. 

The  theory  of  the  stereoscope  is  extremely  simple.  In  this 
instrument  two  flat  pictures — representing  the  same  object  as 
regarded  from  two  separate  points  at  a  small  distance  apart — 
are  so  arranged  as  that  one  shall  be  seen  by  each  eye.  The 
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two  come,  as  it  were,  to  a  focus  ia  the  brain,  and  give  the  idea 
of  a  solid  body.   Two  eyes  must  of  course  be  used  in  regarding 
them ;  when  we  shut  one  eye  in  looking  about  us,  we  see 
everything  as  a  flat  surface ;  when  we  open  both,  we  see  as  it 
"Were  two  sides  of  each  object,  and  thus  at  once  know  it  to  be 
in  relief,  or  soUd.   The  difference  between  the  stereoscope  and  j 
natui-e  is,  that  in  the  former  the  two  impressions  do  not  come 
from  the  same  point ;  and  as  the  viewing  two  distinct  objects 
with  the  two  eyes  would  necessitate  squinting  to  some  extent,  ! 
the  ordinary  refracting  stereoscope  causes  the  image  to  seem  to  j 
come  from  the  same  point,  and  so  allows  of  the  natural  con-  j 
vergence  of  the  axes  of  the  eyes.  i 
The  form  of  the  stereoscope,  as  originally  produced  by  Pro-  i  { 

fessor  Wheatstone,  and  which  he  called  the  reflecting  stereo-  j 
;  scope,  is  shown  in  fig.  227 ;  and  it  is  on  many  accounts  the  ■ 


Fig.  227.— Kefleeting  Stereoscope, 
most  convenient  form,  as  it  allows  of  every  adjustment,  and 
*will  show  pictures  of  any  size,  A  reflecting  stereoscope  may 
'be  readily  constructed.  It  consists  of  two  pieces  of  looldng 
tglass  set  at  right  angles  to  each  other  in  the  centre  part  of  the 
rinBtrument.  The  objects  or  designs  are  sHd  into  grooves  at 
leaeh  end  of  the  instrument,  which  are  then  some  four  or  five 
finches  distance  from  the  reflecting  mirrors,  care  being  taken  to 
iplace  each  design  in  its  proper  position.  For  small  photo- 
»?raphs,  the  refracting  or  prismatic  stereoscope  (fig.  228,  also 
■constructed by  ]^Ir.  Wheatstone)  is  better  adapted.  Several  in- 
•5emous  modifications  of  the  instrument  have  been  made  by  Pro- 
sessor  Dove  and  Sir  David  Brewster.  The  lenticular  instrument 
described  by  the  latter,  which  ia  most  generally  in  use,  has  the 
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sppearance  of  a  double  opera-glass ;  and  the  chief  modification 
consists  in  the  substitution  of  quarter  lenses  for  the  prisms 
employed  by  Mr,  Wheatstone.  The  eye-glasses  refract,  or,  in 
other  words,  throw  the  images  out  of  the  direct  line  to  the 
centre  between  the  eyes ;  each  image  being  in  this  way  re- 
moved in  a  direction  towards  each  other,  the  two  combine,  and 
produce  the  effect  of  sohdity. 


Fig.  228. — Refracting  Stereoscope. 

•The  diagrams  of  several  forms  of  crystals  and  geometric 
solids  are  illustrations  which  may  be  observed  without  any 
instrument,  to  the  no  small  amusement  of  those  who  for  the 
first  time  see  them,  and  may  be  multiplied  in  almost  infinite 
variety.  These  diagrams  are  constructed  to  represent  what 
may  be  termed  right  and  left  eye  views  of  objects,  as.  we 
should  actually  see  them  with  the  left  or  right  eye  alternately. 
Take,  for  example,  the  railway  tunnels  (fig.  229),  and  squint 
at  them  so  as  to  view  one  with  each  eye :  one  picture  will 
present  itself,  a  central  one,  being  a  combination  of  the  other 
two,  and  producing  the  effect  of  a  perfectly  hollow  tunnel ;  in 
like  manner  the  other  diagrams  will  combine  to  form  an  appa- 
rently perfect  solid  body,  presenting  all  the  appearance  of  a 
network  standing  out  from  the  paper.    The  idea  of  solidity  is 
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evidently  produced  by  the  combination  of  two  pictures  of  a 
:  solid  body  taken  from  either  eye,  as  from  two  different  points 
of  sight.    The  perception  of  distance  or  perspective  Mr. 
Wheatstone  attributes  to  the  same  cause ;  which  explains  the 


Fig.  229.— Eailway  Tunnel. 


at  that  all  paintings  and  drawings  are,  in  reality,  but  pictures 
for  one  eye,  and  are  seen  most  Uke  reality  when  they  are 
looked  at  with  one  eye  only.  "We  may  have  distance,  dimness, 
difference  of  light  and  shade,  but  cannot  have  real  roundness 
and  space  between  and  beyond  objects,  unless  each  eye  has  its 
[jicture.  As  it  is,  our  paintings  may  be  said  to  be  a  one-sided 
or  one-eyed  perspective — the  whole  landscape  or  portrait  as  it 
\\  oidd  appear  to  the  two  eyes  cannot  be  represented. 


Fig.  230.— Iron  Trellis-work. 
So  long  as  mere  drawings  by  hand  were  used,  it  might  bo 
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held  that  the  effect,  however  -wonderful,  was  but  some  trick  of 
art  by  which  the  senses  were  cheated.  Photography,  however, 
admits  of  no  trick  ;  the  two  plates  in  the  two  cameras  stand 
truly  for  the  two  eyes,  and  receive  each  just  such  a  picture,  no 
more,  no  less,  as  each  eye  receives.    There  is,  therefore,  no 


Fig.  231. — Double  tetrahedron,  the  sides  being  equilateral  triangles. 
I'uvther  room  for  doubt  as  to  the  need  for  two  eyes ;  we  have 
taken  by  the  aid  of  photography  the  very  picture  from  each, 
and  have  made  them  tell  their  secret.    Our  double  vision  is 
but  perfect  vision. 


idocrase,  and  anatase. 
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It  will  be  said  that  persons  with  one  eye  nevertheless  see 
fdistinctly,  and  see  perspective  and  rotundity.    They  do  so ; 

;nd  there  is  neither  difficulty  in  the  answer,  nor  any  refuta- 
idion  in  the  fact  of  what  we  have  said  as  to  double  vision.  One 
jsye  alone  judges  of  the  relief  of  an  object,  from  the  accus- 


jtomed  distributions  of  light  and  shade, 


perspective 


Appearances,  though  the  perceptions  it  hence  acquires  are  less 
iyivid  than  those  obtained  by  means  of  two  eyes.  Another 
imrious  fact  is,  that  a  one-eyed  person  when  looking  at  a  solid 
object  is  constantly  changing  the  position  of  the  head  from 
de  to  side :  the  result  of  this  is,  that  he  is  by  this  means 
^tting  the  same  effect  with  one  eye  that  is  produced  by  two 


233. — The  regular  tetrahedron — the  form  of  crystals  of  copper, 
nickel,  gold,  alum,  common  salt,  arsenious  acid,  fluor  spar,  and  iron 
pyrites. 

'68  with  the  head  stationary.  With  two  eyes,  as  we  have 
fcfore  stated,  two  images  from  different  points  of  sight  are 


2.34. — The  natural  crystal  of  the  topaz  with  cleavage  at  right  angles 
to  ita  three  axes. 
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combined  to  produce  solidity ;  with  one  eye,  and  a  constant 
change  of  its  position,  two  images  in  like  manner  are  produced ; 
but  the  combination  depends  on  the  curious  circumstance  of 
the  second  impression  falling  on  the  retina  before  the  previous 
impression  has  escaped.  The  retention  of  objects  on  the  retina 
some  time  after  their  removal  has  been  before  explained; 
therefore  a  one-eyed  person,  with  the  stereoscope,  by  first 
looking  through  one  side  and  then  through  the  other,  gets  the 
effect  of  distance  and  solidity  simply  by  the  retention  of  the 
first  picture  on  the  retina. 

The  complete  perspective  of  distant  portions  of  the  picture 
in  the  stereoscope  is  not  seen  to  perfection  until  it  has  been 
looked  at  for  some  seconds,  though  the  near  portions  stand  out 
in  their  full  roundness  and  solidity  at  once.  This  arises 
from  the  instrument  not  being  perfectly  adjusted  to  the  eyes 
of  the  observer,  whilst  it  requires  for  instantaneous  perfect 
vision  a  different  adjustment  for  different  persons.  By  atten- 
tive observation  it  may  also  be  noted  that  the  near  and  distant 
objects  do  not  clearly  appear  at  the  same  instant.  This  arises 
from  the  fact,  that  whilst  the  near  objects  are  seen  by  each 
eye  at  a  certain  angle,  and  so  that  the  two  pictures  form  one, 
the  distant  objects,  with  eyes  placed  at  the  same  angle,  are 
more  or  less  separated,  and  so  are  seen  more  or  less  distinctly 
as  two  pictures.  To  correct  this,  the  eyes  alter  their  distance 
from  each  other,  and  it  is  only  when  they  have  done  so  with 
accuracy,  that  the  distant  portions  of  the  picture  are  made 
to  coincide,  and  the  roundness  of  the  furthest  portions  is  seen 
as  distinctly  as  that  of  the  nearest.  This  process  of  adjust- 
ment of  their  two  pictures,  both  as  to  real  objects  and  their 
photographs,  the  eyes  are  incessantly  at  work  upon. 

These  stereoscopic  pictures  are  not  only  curious,  they  are 
beautiful  and  useful.    We  have  now  galleries  of  portraits  ^ 
which  are  no  fictions  of  painters,  but  people  as  they  were  audi 
are — not  flat  and  framed,  and  hung  along  the  walls,  nor  inj 
cold  marble,  but  round  and  real  as  the  originals  look  in  Ufa.- 
And  so  with  buildings  and  scenery;  we  have,  at  a  cheap,, 
rate,  our  haU  of  antiquities — Pompeii  as  it  is,  Nineveh  as\ 
Layard  saw  it — scenery  in  foreign  lauds,  in  our  own,  in  aU  the  ' 
minuteness,  grandeur,  and  beauty  of  nature.    J^'cither  Claude 
nor  Turner  could  have  given  more  than  half  such  physical  or 
aerial  perspective.   The  artist  may  carry  in  his  stereoscope  the' 
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immortal  works  of  the  geniiis-inspiring  masters  of  every  age 
and  country ;  and  wherever  the  highest  living  beauty  is  to  be 
found,  he  may  have  in  an  instant  his  models,  subject  to  no 
■  rrors  of  his  pencil,  but  in  aU  the  full  roundness  of  reality. 

Another  wonder  of  binocular  or  two-eyed  vision  is  Professor 
Wheatstone's  pseudoscope,  an  instrument  so  called  on  accomt 
if  its  giving  false  perceptions  of  all  external  objects.  Some 
of  the  illusions  are  very  extraordinary.    Its  effect  may  be 
briefly  expressed  as  making  whatever  point  is  nearest  seem 
furthest  off,  and  the  reverse ;  so  that  all  objects  seen  through 
i  it  appear  as  if  they  were  turned  inside  out.    A  solid  terres- 
1  trial  globe  is  seen  concave,  like  Wyld's  globe,  with  the  map 
(on  the  inside.    The  inside  of  a  tea-cup  appears  a  rounded 
iprojecting  solid.    A  China  vase,  with  embossed  coloured 
f  flowers,  appears  as  if  it  were  cut  in  two ;  the  side  with  the 
lowers  being  indented.  A  bust  shows  as  a  deep  hoUow  mask. 
[(Other  more  complicated,  and  in  some  cases  perplexing,  illusions 
re  produced  by  the  instrument,  which  is  very  portable,  and 
"1,  from  the  infinity  of  its  illusions,  even  as  a  toy,  become 
popular. 

The  Telescope. 

By  the  invention  of  the  telescope  man  may  almost  be  said  to 
nave  created  another  sense,  for  with  it  he  has  rent  asunder  the 
^<?eil  bounding  his  knowledge  of  the  universe,  and  peered  into 
pace  hitherto  hidden  from  his  ken.  By  the  telescope  he  has 
^•ained  insight  into  the  undeviating  laws  of  creation.  The 
lescope  has  taught  humility  to  man — has  shown  that  his 
id  cannot  grasp  the  extent  and  wonders  of  the  works  of 
^od — and  that  his  duty  is  to  adore  that  Power  which  is  beyond 
"  is  understanding. 

The  word  '  telescope '  is  derived  from  the  Greek,  and  means 
p  see  afar  off. 

The  telescope  is  said  to  have  been  discovered  by  some 
uldren  when  at  play  in  a  Dutch  spectacle-maker's  shop ; 
pthers  state  that  Zacharias  Jansen,  a  spectacle-maker  of 
Iitagdeburg,  trying  the  effects  of  a  convex  and  concave  glass 
^nited,  found,  that  when  placed  at  a  certain  distance  from  each 
xher,  they  had  the  property  of  making  distant  objects  appear 
jtear  to  the  eye.  However  this  may  be,  the  first  application 
it  to  the  purjjoses  of  science  was  by  the  celebrated  Galileo. 
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The  telescope  consists  of  a  long  tube  painted  black  in  the 
inside  to  absorb  superabundant  hght,  and  containing  certain 
lenses.  That  which  bears  the  name  of  Galileo's  telescope,  con- 
sists of  a  convex  object-glass  d  s  (fig.  235),  and  a  concave  eye- 
glass c  y.  The  distance  between  the  two  lenses  is  less  than 
the  focal  distance  of  the  object-glass,  but  the  concave  glass  is 
situated  so  as  to  make  the  rays  of  each  pencil  fall  parallel 
upon  the  eye,  as  is  evident  by  conceiving  the  rays  to  go  back 
again  through  the  eye-glass  towards  its  focus.  When  the 
sphere  of  concavity  in  the  eye-glass  of  a  Galilean  telescope  is 


rig.  235. 


equal  to  the  sphere  of  convexity  in  the  eye-glass  of  anotlier 
telescope,  their  magnifying  power  is  the  same  ;  but  the  con- 
cave glass  being  placed  between  the  object-glass  and  its  focus, 
the  Galilean  telescope  will  be  shorter  than  the  other  by  tmce 
the  focal  length  of  the  eye-glass.  Hence,  if  the  lengths  of 
the  telescopes  be  the  same,  the  Galilean  wiU  have  the  greatest 
magnifying  power.  It  will  be  seen  that  the  eye-glass  receives 
the  convergent  rays  before  they  meet  and  form  the  image,  and 
by  refracting  them  makes  the  rays  diverge,  and  the  object  is 
seen  at  r  a. 

A  cheap  and  really  useful  telescope  may  be  made  by  obtain- 
ing a  single  convex  lens  of  four,  five,  or  six  feet  focus,  which 
lens  f  an  be  had  of  an  optician  for  half-a-crown.  The  tube 
may  be  made  of  paper,  of  the  required  length,  to  suit  the 
focus  of  the  object-glass.  Make  also  two  more  tubes  of  tia 
for  an  eye-piece,  one  to  slide  within  the  other,  the  larger  on|g 
to  slide  in  the  tube  of  the  telescope.  The  annexed  diagrai^  ' 
win  explain  what  we  mean : — d  (fig.  236)  is  the  body ;  a 

aQ  p  b  )(         n     ;     no  ..j 

Pig.  236.  ^ 
the  object-glass ;  b  c  is  the  eye-piece.    This  is  somewhat  liko 
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the  Galilean  telescope  just  described,  but  with  this  material 
difference,  a  compound  eye-piece  is  used  in  this,  whilst  in  the 
GalUean  only  a  single  eye-glass  is  used,  b  is  a  concave  lens, 
and  c  is  plano-convex,  each  of  four  inches  focus.  By  placing 
B  before  c,  it  doubles  the  power  of  the  eye-piece,  and  gets  rid 
almost  entirely  of  the  prismatic  colours,  whilst  its  definition 
approaches  that  of  an  achromatic.  This  eye-piece  can  be  used 
as  a  pancratic.  If  you  pull  c  out,  you  must  push  b  nearer 
>to  the  object-glass.  But  two  or  three  trials  wiU  be  required 
ito  adjust  the  glasses  of  this  telescope,  which  will  show  the 
ateUites  of  Jupiter,  and  also  the  dark  belt  across  the  body  of 
e  planet. 

The  Galilean  is  an  extremely  simple  instrument,  and  from 
portability  is  used  as  a  pocket  telescope ;  when  constructed 
a  small  scale  it  is  called  an  opera-glass.    It  possesses 
nt  a  limited  field  from  the  dispersion  of  the  light  by  the 
-ncave  eye-glass,  and  has  not  a  great  magnifying  power ; 
et  it  affords  a  distinct  and  clear  view  of  objects,  enlarging 
eir  proportions,  and  is  used  in  observing  objects  on  the 
rface  of  the  earth. 

To  obtain  a  greater  magnifying  power  and  a  just  proportion 
!  the  objects,  "  aerial "  telescopes,  frequently  more  than  100 
t  long,  were  at  one  time  used.  The  object-lens  was  fixed 
1  a  pole  in  a  frame,  and  moved  by  means  of  a  string  or  vdre ; 
)  tube  was  used  excepting  one  to  hold  the  object-glass,  with 
oper  arrangements  for  its  movement. 

"  The  size  of  an  object-glass  does  not  add  to  the  magnifying 
wer,  but  merely  to  the  brilliancy  of  the  image  from  the 
eater  number  of  rays  diverging  from  it.    But  by  using  two 
o-convex  lenses,  so  combined  as  to  be  like  one  glass,  the 
"fying  power  and  field  of  view  are  increased. 
The  astronomical  telescope  differs  from  the  GaHlean  in 
ing  a  convex  eye-glass,  by  which  the  magnifying  power  is 
jreased.    The  two  lenses  n  s  and  l  e  (fig.  237)  are  placed  at 
5  opposite  end  of  two  tubes,  the  one  sliding  within  another  ; 
)  former  of  which  is  called  the  object-glass,  from  being  next 
5  object  A  E ;  and  the  latter  the  eye-glass,  from  its  being  next 
)  eye,  placed  at  i :  the  lenses  are  of  unequal  focal  length, 
i  80  fixed  that  they  have  a  common  axis,    ab  is  the  object 
iposed  to  be  at  a  great  distance,  ns  the  object-glass,  behind 
ich  and  a  little  beyond  its  focus  wiU  be  the  diminutive 
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inverted  image  of  the  object  viewed  air  a.  l  e  is  the  object- 
glass,  and  as  it  magnifies,  the  image  is  viewed  under  the  angle 
lyz,  and  is  seen  as  at  the  dotted  arrow.    Thus  then  objects 


Fig.  237. 

are  seen  in  an  inverted  position,  which  is  of  no  consequence  in 
astronomical  observations.  It  is  usual  to  fix  the  object-glass 
at  the  end  of  a  tube  longer  than  its  focal  distance,  and  to 
place  the  eye-glass  in  a  small  tube,  which  must  slide  out  of  and 
into  the  larger  tiibe,  for  the  purpose  of  adjusting  it  to  objects 
at  different  distances. 

The  magnifying  power  of  this  kind  of  telescope,  named 
refracting,  is  found  by  dividing  the  focal  distance  of  the  object- 
glass  by  the  focal  distance  of  the  eye-glass ;  thus,  if  the  focal 
distance  of  the  object-glass  be  150  inches,  and  it  admit  of  an 
eye-glass  whose  focal  distance  is  3  inches,  the  150  divided  by 
3,  gives  50  for  the  number  of  times  the  telescope  will  magnify 
the  diameter  of  an  object. 

When  two  additional  lenses  are  added  to  the  astronomi 
telescope,  it  then  becomes  a  terrestrial  telescope,  or  perspectiv 
glass,  and  objects  are  seen  by  it  in  their  right  position. 

A  E  (fig.  238)  is  the  object,  from  which  the  rays  of  ligh 


Fig.  238. 

pass  through  the  object  lens  x  e,  and  form  the  image  m  at 
which  is  the  focus  of  the  lens  n  s,  from  whence,  having  cros' 
at  the  focus  p,  they  pass  on  to  the  next  glass  c  v,  and  in  passi 
it  they  are  converged  to  the  points  in  its  other  focus,  wh 
they  form  an  erect  image  tJ  p  ;  and  as  this  is  the  focus  of 
eye-glass  o  y,  and  as  the  eye  when  at  i  is  at  the  same  distan 
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on  the  other  side,  the  image  is  seen  through  the  eye-glass  in 
this  upiight  position.    As  the  three  eye-glasses  have  aU  their 
•  focal  distances  equal,  the  magnifying  power  is  found  by  dividing 
1  the  focal  distance  of  the  object-glass  by  the  focal  distance  of 
,  any  of  the  eye-glasses. 

In  the  year  1663  a  young  man  of  the  name  of  James 
I  Gregory  pubhshed  a  work  pointing  out  the  defects  of  the 
r  refracting  telescopes,  and  proposing  the  substitution  of  a 
mnetallic  speculum  for  the  object-glass,  on  which  to  receive  the 
inmage  and  reflect  it  towards  a  small  speculum  of  the  same 
nnaterial.    Want  of  means  or  mechanical  abihty  caused  this 
(idea  to  remain  dormant  until  1672,  when  Sir  Isaac  Newton, 
finding  that  the  errors  arising  from  the  refrangibility  of  light, 
were  greater  than  those  from  reflexion,  formed  two  reflecting 
eelescopes  on  the  principle,  though  not  quite  the  plan  of 
Hregory.    These  were  only  six  inches  long,  but  equal  to  a 
eefractor  of  six  feet ;  the  reflecting  telescope  admitting  of  an 
yye-glass  of  a  shorter  focal  distance  than  a  similar  refractor, 
cs  magnifying  powers  are  increased. 
In  the  Gregorian  telescope  m  m  (fig.  239)  are  the  concave 
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Fig.  239. 

ic  mirrors  forming  together  a  speculum ;  the  small 
pow  represents  the  inverted  image  formed  by  it  of  the  object 
ceeding  from  rays  rr  rr.  This  image  is  reflected  again  by 
bther  small  concave  speculum  ss  placed  before  the  great 
1 3ulum,  and  in  its  axis,  and  thus  it  forms  the  erect  image  e, 
ch  to  an  eye  at  v  wiU  appear  magnified.  The  small  speculum 
Idjiisted  by  means  of  a  screw  and  rod  h  d,  which  is  fitted  on 
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the  outside  of  the  body,  1 1 1 1.  The  image  might  have  been 
viewed  and  magnified  by  the  convex  eye-glass  at  p  alone,  but 
it  is  generally  preferred  to  receive  the  converging  rays  upon  a 
lens  H,  called  the  field-glass,  which  hastens  their  convergence 
and  forms  the  image  in  the  focus  of  the  lens  p,  by  which  they 
are  magnified  and  rendered  more  distinct.  This  telescope  pos- 
sesses the  advantage  of  beiag  capable  of  direction  in  the  line 
of  sight  towards  the  object,  as  well  as  the  objects  being  seen 
upright ;  but  from  the  hole  in  the  middle  of  the  object-specu- 
lum, the  quantity  of  light  is  diminished,  and  the  objects  less 
distinctly  seen. 

In  the  Newtonian  reflecting  telescope,  the  large  concave 
speculum  c  c  (fig.  240)  is  placed  at  the  end  of  the  tube ;  the 


Fig.  240. 

rays  proceed  from  the  object  a  h  to  the  speculum  c  c,  and  are 
reflected  to  the  mirror  e  e,  supported  or  hung  by/;  and  froB 
thence  at  right  angles  to  the  double -convex  lens  g,  where  thej 
are  refracted  to  the  eye  at  i.    If  the  small  mirror  e  e  was  dis 
pensed  with,  the  rays  from  n  o  would  converge  to  d,  at  whic 
place  the  eye  of  the  observer  would  see  the  image  of  the  object 
a  h  ;  but  as  his  head  would  intercept  a  portion  of  the  rays,  thrf 
small  speculum  e  e,  and  convex  lens  g,  are  arranged  as  in  thj 
diagram. 

The  gigantic  telescope  at  Slough  near  "Windsor  was 
several  failures  completed  by  Sir  William  Herschel  in  178£ 
and  magnifies  6450  times.    With  this  a  satelhte  of  Sat 
was  instantly  discovered,  and  also  a  new  planet,  which  receive 
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the  name  of  Herschel.  The  tiihe  of  this  remarkable  instru- 
ment is  39  feet  4  inches  long,  its  diameter  4  feet  10  inches. 
The  great  metal  mirror  is  49|-  inches  in  diameter,  but  the 
polished  surface  only  48  inches,  its  thickness  3|  iaches,  and 
its  weight  before  being  polished  2118  lbs.  It  magnifies 
objects  nearly  7000  times,  and  brought  36,500  times  as  much 
light  into  the  eye  as  would  have  been  derived,  without  such 
aid,  from  the  object.  At  the  open  upper  end  of  the  tube  which 
is  directed  to  the  heavens,  the  observer  sits  with  his  back  to 
the  object  investigated,  which  he  sees  by  rays  reflected  from 
the  great  mirror  through  the  eye-glass  at  the  openiag  on  one 
side  of  the  tube  (fig.  241) ;  s  is  the  speculum  set  at  such  an 


Fig.  241. 

iinclination  to  the  axis  of  the  tube  which  contains  it,  that  the 
i  inverted  image  a  which  is  formed  of  an  object  6  c  is  projected 
towards  the  edge  of  the  tube  :  d  is  the  eye-glass  through  which 
the  eye  e  would  see  the  enlarged  image  /</. 

A  triumph  in  reflecting  telescopes  has  been  accomplished  by 
'-,he  energy,  genius,  and  wealth  of  Lord  Rosse ;  the  description 
)f  which  wonderful  piece  of  scientific  mechanism  we  take 
■;rom  the  '  Illustrated  London  News.' 

"  The  diameter  of  the  large  speculum  is  6  feet,  its  thickness 
5^  inches,  its  weight  3|  tons,  and  its  composition  126  parts 
f  copper  to  571  parts  of  tin ;  its  focal  length  is  54  feet :  the 
;nbe  is  of  deal ;  its  lower  part,  that  in  which  the  speculum  is 
!)laced,  is  a  cube  of  8  feet ;  the  circular  part  of  the  tube  is  at 
■ts  centre  7|  feet  diameter,  and  at  its  extremities  6-^  feet. 
Che  telescope  lies  between  two  stone  walls,  about  71  feet  from 
lorth  to  south,  about  50  feet  high,  and  about  23  feet  asunder. 
These  walls  are,  as  nearly  as  possible,  parallel  with  the 
neridian. 

"  In  the  interior  face  of  the  eastern  wall,  a  very  strong  iron 
TO,  of  about  43  feet  radius,  is  firmly  fixed,  provided,  however, 
nth  adjustments,  whereby  its  sxirface  facing  the  telescope  may 
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Fig.  242. — Lord  Eosse's  Telescope. 

be  set  very  accurately  in  the  plane  of  the  meridian — a  matter 
of  the  greatest  importance,  seeing  that  by  the  contact  with  it  | 
of  rollers  attached  lo  one  extremity''  of  a  quadrangular  bar,  [ 
■which  slides  through  a  metal  box  fixed  to  the  under  part  of  1 
the  telescope  tube,  a  few  feet  from  the  object  end  of  thef 
latter,  whilst  its  other  extremity  remains  free,  the  position  of  I 
the  telescope  in  the  meridian  is  secured,  or  any  deviation  fromj 
it  easily  determined;  for  on  this  bar  lines  are  drawn,  thel 
interval  between  any  adjoining  two  of  which  corresponds  tql 
one  minute  of  time  at  the  equator.    The  tube  and  speculum/ 
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including  the  bed  on  which  the  latter  rests,  weigh  about  15 
tons. 

"  The  telescope  rests  on  a  universal  joint,  placed  in  masonry 
about  6  feet  below  the  ground,  and  is  elevated  or  depressed  by 
a  chaia  and  windlass ;  and  although  it  weighs  about  15  tons, 
the  instniment  is  raised  by  two  men  with  great  facility.  Of 
course,  it  is  counterpoised  in  every  direction. 

"  The  observer,  when  at  work,  stands  in  one  of  four  galle- 
ries, the  three  highest  of  which  are  drawn  out  from  the 
western  wall,  whilst  the  fourth,  or  lowest,  has  for  its  base  an 
elevating  platform,  along  the  horizontal  surface  of  which  a 
gallery  slides  from  wall  to  wall  by  machinery  within  the 
observer's  reach,  and  which  a  child  may  work. 

"  "When  the  telescope  is  about  half  an  hour  east  of  the  meri- 
dian, the  galleries  hanging  over  the  gap  between  the  walls 
present  to  a  spectator  below  an  appearance  somewhat  dan- 
gerous ;  yet  the  observer,  with  common  prudence,  is  as  safe  as 
on  the  ground,  and  each  of  the  galleries  can  be  drawn  from  the 
wall  to  the  telescope's  side  so  readily,  that  the  observer  needs 
no  one  else"  to  move  it  for  him. 

"  The  telescope  lying  at  its  least  altitude  can  be  raised  to 
the  zenith  by  the  two  men  at  the  windlass  in  six  miuutes ; 
and  so  manageable  is  the  enormous  mass,  that,  by  giving  the 
right  ascension  and  declination  of  any  celestial  object  between 
these  points,  the  object  can  be  brought  into  the  field  of  the 
:  telescope  within  eight  minutes  from  the  first  attempt  to  raise  it. 

"  "VVTien  the  observer  has  found  the  object,  he  must  at  pre- 
^  sent  follow  it  by  rackwork  within  his  reach.  As  yet  it  has  no 
« equatorial  motion,  but  it  very  shortly  will;  and  at  no  very 
t  distant  day  clockwork  will  be  connected  with  it,  when  the 
(  Observer  will,  whilst  observing,  be  almost  as  comfortable  as  if 
khe  were  reading  at  a  desk  by  his  fireside. 

"  Fig.  243  is  a  sectional  view  taken  inside  of  the  eastern 
waU,  with  aU  the  machinery,  a  is  the  mason-work  in  the 
ground;  b  the  universal  joint,  which  allows  the  tube  to 
turn  in  all  directions  ;  c  the  speculum  in  its  box ;  n  the  tube ; 
B  the  eye-piece ;  f  the  moveable  pulley ;  g  the  fixed  one ;  n  the 
chain  from  the  side  of  the  tube ;  i  the  chain  from  the  beam  ; 
K  the  counterpoise ;  L  the  lever ;  ii  the  chain  connecting  it 
~ith  the  tube ;  z  the  chain  which  passes  from  the  tube  to  the 
windlass  over  a  pulley  on  a  truss-beam,  which  runs  from  w  to 
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the  same  situation  in  the  opposite  wall — the  pulley  is  not  seen  ; 
X  is  a  railroad  on  which  the  speculum  is  drawn  either  to  or 
from  its  box — ^part  is  cut  away  to  show  the  counterpoise.  The 
dotted  line  a  represents  the  course  of  the  weight  k  as  the  tube 
rises  or  falls ;  it  is  a  segment  of  a  circle,  of  which  the  chain  i 
is  the  radius. 

"  With  a  little  attention  to  these  several  points,  the  working 
of  the  machinery  will  be  easily  comprehended.    The  weight 
I,  on  the  lever  l  sinks  only  15  feet  under  the  horizontal  posi- 
:  tion ;  it  then  rests  on  the  ground,  and  is,  of  course,  no  load 
:  on  the  tube,  which  is,  when  this  happens,  80  degrees  above 
I  the  horizon.    Below  this  point  the  tube  is  sufficiently  heavy  to 
I  descend  when  the  windlass  unrolls  the  chain.    Then  suppose 
t  the  tube  makes  the  angle  of  30  degrees  with  the  horizon,  and 
t  that  it  is  retjuired  to  elevate  it,  the  windlass  is  turned,  and  the 
I  chain  being  shortened,  the  desired  effect  is  produced ;  but  the 
1  labour  of  this  would  be  immense  if  the  counterpoise  k  did  not 
t  assist :  this  nearly  balancing  the  tube,  leaves  but  Httle  exertion 
tto  be  made  at  the  windlass.    However,  the  weight  of  the 
t  tube,  according  as  it  ascends,  is  gradually  becoming  less  and 
less,  until  it  produces  no  strain  at  all  on  the  windlass  when  it 
b  quite  upright.    This  must  evidently  be  the  case  from  the 
first  principles  of  mechanics ;  for  making  the  tube  a  lever,  the 
•length  of  its  arm  continually  decreases  as  it  approaches  the 
perpendicular;  therefore,  if  the  counterpoise  continued  the 
,?ame  weight  on  the  tube  towards  the  end  as  it  was  in  the 
commencement  of  the  ascent,  it  would  be  too  heavy,  and  would 
keep  it  in  its  perpendicular  position.    In  fact,  the  counterpoise 
must  become  lighter  as  gradually  and  as  evenly  as  the  tube 
itself,  in  order  to  continue  to  be  just  the  same  support  to  it  all 
through  its  movement.    The  plan  adopted  to  effect  this  is 
oeautifuUy  simple :  a  weight,  hanging  freely  in  a  perpendicular 
iirection,  exerts  its  greatest  force  on  the  suspending  point ;  if 
t  be  moved  from  the  perpendicular,  as  much  power  as  is  re- 
quired to  effect  this  is  taken  off  from  the  same  point ;  as  will 
36  evident  to  any  person  pushing  aside  a  hanging  body,  he 
nust  apply  a  certain  degree  of  force  to  keep  it  out  of  its  per- 
)endicular  position ;  and  this  might  be  mathematically  proved 
:o  amount  to  exactly  the  degree  of  weight  that  is  taken  off  the 
joint  from  which  the  body  hangs.    Now,  it  will  easUy  bo  seen, 
^hen  the  tube  is  ascending  and  losing  its  weight,  also  lengthen- 
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ing  the  chain  h,  that  on  account  of  the  chain  i,  whose  length 
is  always  constant,  the  counterpoise  k  is  moving  from  the  per- 
pendicular position  under  g,  and  therefore  losing  its  power  on 
the  tube,  and  approaching  the  perpendicular  under  w,  and  for 
this  reason  transferring  all  its  weight  to  the  fixed  chain  i ; 
when  the  tube  passes  the  perpendicular,  the  chain  h  is  again 
shortened,  and  the  counterpoise  begins  once  more  to  draw  it 
back ;  so  that  the  action  of  this  tends  to  keep  the  tube  always 
upright  to  whatever  side  it  may  point,  and  its  power  is  always 
equal  to  the  varying  weight.  Under  these  circumstances,  we 
see  how  easily  and  evenly  the  windlass  can  elevate  the  tele- 
scope and  turn  it  to  the  north  ;  but  when  it  arrives  there  it 
must  be  brought  back  again ;  and  this  is  accomplished  by  the 
lever  l.  As  wo  have  seen  that  the  action  of  the  tube  and 
connterpoiso  is  so  regulated,  that  in  all  positions  the  weights, 
although  always  changing,  are  equal  to  one  another,  so  must 
the  weight  of  tho  lover  vary  with  its  position  in  order  to  be  a 
perfect  balance  on  tho  tube ;  and  this  it  evidently  does.  We 
said,  that  when  the  tube  was  perpendicular  the  weight  on  the 
lever  is  most  effective,  for  it  is  at  the  furthest  distance  it  can 
be  from  the  support ;  it  therefore  pulls  down  the  tube  when 
the  windlass  is  unroUed ;  but  we  saw  that  the  tube  as  it  de- 
scends increases  its  weight;  so  that  if  the  lever  continued 
acting  with  the  same  power  with  which  it  commenced,  the 
weight  of  both  would  be  constantly  increasing ;  this  is  pre- 
vented by  the  lever  losing  its  force  as  it  falls ;  for  the  weight 
thereby,  of  course,  approaches  the  support,  and  cannot  be  so 
active ;  but  the  approach  to  the  support  by  its  descent  is  so 
regulated  to  the  increasing  distance  of  the  end  of  the  tube  in 
its  descent  by  the  chain  m,  that  in  the  same  degree  as  the  latter 
gains  weight  the  former  loses  it ;  and  in  this  manner  there  is 
a  constant  equilibrium  kept  up  between  them.  When  the 
tube  reaches  within  30  degrees  of  the  horizon  the  lever  rest* 
on  the  ground,  and  the  tube  is  thence  able  to  descend  by  its 
own  weight.  When  the  tube  points  to  the  north,  the  lever  is 
devated  above  the  horizon,  and  has  not,  of  course,  so  much 
power  as  when  it  coincided  with  it;  but  it  is  in  this  case 
helped  by  the  counterpoise  x,  which  always  tends  to  bring  the 
tube  to  the  perpendicular.  This  continues  to  help  it  until  it 
becomes  itself  sufficiently  able,  from  its  horizontal  position,  to 
do  all  the  work ;  it  then  commences  opposing  it ;  but  it  now 
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lias  the  help  of  the  increasing  weight  of  the  tube  itself;  and 
so  aU  the  parts  ai-e  elegantly  blended  into  one  another  with  the 
most  perfect  concord  and  efficiency. 

"  The  manner  in  which  the  tube  is  moved  from  wall  to  wall 
is  accomplished  by  the  ratchet  and  wheel  at  e,  in  fig.  243 ; 
the  wheel  is  turned  by  the  handle  o,  and  the  ratchet  is 
fixed  to  the  circle  in  the  wall.  The  ladders  in  front,  as  shoAvn 
in  fig.  242,  enable  the  observer  to  follow  the  tube  in  its 
ascent  to  where  the  galleries  on  the  side-wall  commence ; 
these  side-galleries  are  three  in  number,  and  each  can  be 
moved  from  wall  to  wall  by  the  observer,  after  the  tube,  the 
motion  of  which  he  also  accompanies  by  means  of  the  handle  o." 

It  has  been  shown,  that  when  light  is  bent  by  a  convex 
lens,  there  is  a  slight  separation  of  the  prismatic  colours, 
which  tinges  the  extremities  of  the  objects  viewed;  this 
causes  a  serious  indistinctness,  which  Sir  Isaac  Newton  feared 
would  prevent  the  perfection  of  the  telescope.  To  remedy 
this,  Euler,  the  Swiss  philosopher,  from  an  examination  of 
the  human  eye,  recommended  the  adoption  of  a  double  object- 
glass  of  two  lenses,  having  water  between  them.  This  led 
to  experiments  by  Mr.'  Dollond,  a  celebrated  English  opti- 
cian, to  discover  if  possible  a  transparent  medium  by  which 
there  would  be  refraction  without  colour;  and  as  different 
kinds  of  glass  were  foimd  to  have  different  dispersive  and 
refractive  powers,  it  was  thought  by  combining  two  aU  the 
colours  might  be  refracted  equally.  Eor  this  purpose  DoUond 
thus  composed  his  lenses,  the  convex  one  of  crown-glass  and 
the  concave  of  fhnt-glass  (fig.  244).  The 
refracting  angles  were  inversely  as  the 
dispersive  powers  of  the  respective  glasses ; 
the  concave  lens  preventing  the  dispersion 
of  colour  by  the  convex,  while  there  was  ^^S-  244. 
sufficient  convergence  of  the  rays  for  the  formation  of  the 
image,  and  thus  the  desideratum  was  accomplished.  Fig. 
245  better  explains  the  arrangement  necessary  to  correct  the 
imperfection  spoken  of. 

In  this  figure,  ll  is  a  convex  lens  of  crown-glass,  and  II  a 
concave  one  of  flint-glass.  A  ray  of  the  sun  l  falls  at  f  on  tho 
convex  lens,  which  will  refract  it  exactly  in  the  same  manner 
as  the  prism  a  b  c,  whose  faces  touch  tho  two  surfaces  of  the 
lens  at  the  points  whore  the  ray  enters  and  quits  it.  Tlie 
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solar  ray  s  r,  thus  refracted  by  the  lens  l  l,  or  prism  a  b  c, 
would  have  formed  a  spectrum  p  t  on  the  wall,  had  there  been 
no  other  lens,  the  violet  ray  f  v  crossing  the  axis  of  the  lens  at 
V,  and  going  to  the  upper  end  p  of  the  spectrum,  and  the  red 
ray  r  r  going  to  the  lower  end  t.  But  as  the  flint-glass  lens 
1 1  or  the  prism  a  a  c,  which  receives  the  rays  f  v,  p  e  at  the 
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Fig.  245. 

same  points,  is  interposed,  these  rays  will  be  united  at/,  and 
form  a  small  circle  of  white  light ;  the  ray  s  r  of  the  sun  being 
now  refracted  without  colour  from  its  primitive  direction  s  f  y 
into  the  new  direction  f/.  In  like  manner,  the  corresponding 
ray  s'  f'  wiU  be  refracted  to/,  and  a  white  and  colourless  image 
of  the  sxm  will  be  there  formed  by  the  two  lenses. 

In  this  combination  of  lenses,  it  is  evident  that  the  chro- 
matic aberration  of  the  flint-lens  corrects  to  a  considerable 
degree  that  of  the  crown  one,  and,  by  a  proper  adjustment  of 
the  radii  of  the  surfaces,  it  may  be  almost  wholly  removed. 
DoUond  named  his  telescopes  achromatic,  from  two  Greek  words 
meaning  without  colour. 

Dr.  August  gives  the  following  method  of  estimating  the 
magnifying  power  of  telescopes,  and  the  extent  of  their  field 
of  vision.  The  magnifying  powers  may  be  estimated  pretty 
nearly  by  looking  at  the  same  object  with  one  eye  through  the 
telescope  and  with  the  other  naked,  and  comparing  the  appa- 
rent magnitudes  of  the  two  images.  This  measurement  may 
be  rendered  still  more  exact  if  any  kind  of  telescope,  except  a 
Galilean,  be  pointed  towards  a  clear  part  of  the  sky,  and  a  leaf 
of  thin  paper  or  transparent  horn  be  held  behind  the  last  eye- 
glass, at  the  spot  where  the  eye  is  ordinarily  placed ;  a  bright, 
strongly  defined  luminous  circle  will  be  visible  on  the  trans- 
parent plate,  supposing  it  to  be  held  at  the  right  spot. 
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Measure  its  diameter  as  accurately  as  possible,  and  then 
measure  the  width  of  the  object-glass,  using  the  same  scale  in 
each  case ;  divide  its  diameter  by  that  of  the  luminous  spot, 
and  the  quotient  will  give  the  magnifyingpower  of  the  telescope. 

The  luminous  circle  is,  in  .fact,  an  image  of  the  object-glass 
itself,  whence  it  may  be  proved  that  it  is  contained  in  the 
diameter  of  the  object-glass  as  many  times  as  are  equal  to  the 
magnifying  power  of  the  telescope.  The  object-glass  may  be 
taken  out,  and  a  rim,  or  annulus,  having  exactly  the  same 
opening  as  will  be  equal  to  the  circle  of  light,  put  in  its  place ; 
the  quantity  of  light  will  be  increased,  and  the  images  of 
objects  rendered  more  distinct  by  this  alteration.  Eamsden 
contrived  a  little  instrument,  to  which  he  gave  the  name  of 
dynamometer,  for  measuring  the  powers  of  telescopes. 

The  field  of  a  telescope  may  be  estimated  by  comparing  its 
diameter  with  the  apparent  diameter  of  some  object  viewed 
through  the  telescope.    In  the  choice  of  an  object,  one  should 
be  selected  Avhose  apparent  diameter  is  already  known  to  us ; 
that  of  the  sun  or  moon  will  answer  the  purpose  well ;  they 
i  are  both  equal,  or  very  nearly  so,  the  apparent  difference 
.  amounting  only  to  half  a  degree,  or  30  minutes.    Or  the  field 
!  may  be  measured  by  directing  the  telescope  to  some  star  in  or 
'  very  near  to  the  equator,  care  being  taken  that  it  shaU  pass 
1  over  the  middle  of  the  field,  and  then  count  the  number  of 
8  seconds  which  elapse  during  its  passage:  four  seconds  of  time 
iwiU  make  an  angle  of  one  minute  for  the  field  of  vision.  For 
8  a  fuU  description  of  the  uses  and  wonders  of  the  telescope,  we 
Ibeg  to  refer  to  Hind's  '  Astronomy,'  forming  one  of  this  series  of 
educational  books,  and  of  which  a  new  edition  is  in  the  press. 

Instruments  in  Use  in  an  Astronomical  Observatory. 

The  position  of  a  body  on  a  plane  surface,  as  this  sheet  of 
paper,  is  defined  by  its  distances  from  two  definite  points,  or 
two  fixed  lines,  generally  at  right  angles  to  each  other,  in  the 
same  plane.  In  a  similar  manner,  the  position  of  a  body  on  a 
round  or  spherical  surface  may  be  defined  by  means  of  its 
angular  distances  from  two  points,  or  from  two  points  situated 
m  two  great  circles  of  the  spheres,  as  the  longitude  of  a  place 
on  the  earth's  surface  is  its  angular  distance  from  an  assumed 
neridian,  and  its  latitude  the  angular  distance  from  the  equator. 
The  intersection  of  these  two  lines  determines  the  exact  posi- 
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tion  of  any  proposed  point  on  the  earth's  surface ;  so,  in  like 
manner,  the  right  ascension  of  a  heavenly  object  is  its  angular 
distance  measured  along  the  equator  from  that  point  in  the 
heavens  whore  the  plane  of  the  ecliptic  intersects  that  of  the 
equator,  and  which  point  is  called  the  first  point  of  Aries. 

The  declination  is  the  angular  distance  of  the  object  from  the 
equator,  and  is  north  or  south  according  as  the  position  of  the 
object  LS  north  or  south  of  the  equator ;  the  intersection  of 
this  distance  with  that  of  the  right  ascension  indicates  the 
place  of  the  heavenly  body.  The  angular  distance  from  the 
pole  is  called  the  polar  distance,  and  if  measured  from  the 
North  Pole,  the  north  polar  distance.  The  pole  is  a  better 
point  to  measure  from  than  the  equator,  as  there  is  no  con- 
sideration respecting  north  and  south.  It  is  the  maia  business 
of  an  astronomical  observatory  to  determine  these  two  ele- 
ments, viz.  right  ascension  and  declination,  or  north  polar 
distance  of  the  sun,  moon,  planets,  stars,  and  comets. 

Perhaps  it  would  be  well  to  speak  here  of  the  instruments 
employed,  and  to  describe  the  method  of  their  use. 

If  we  visit  an  observatory,  we  shaU  find  in  one  apartment 
the  transit  instrument,  which  is  devoted  to  the  determination 
of  one  of  these  elements ;  and  in  another  apartment  the  mural 
circle,  which  instrument  is  devoted  to  the  determination  of 
the  other  element. 

The  transit  instrument  (fig.  246)  consists  of  an  achromatic 
telescope,  to  which  is  firmly  fixed  a  doubly  conical  and  hori- 
zontal axis,  at  right  angles  to  the  optical  axis  of  the  telescope ; 
the  extremities  of  the  axis  are  even-turned  pivots  of  steel  or 
bell-metal,  which  rest  on  angular  bearing's  called  Y's,  firmly 
attached  to  the  inner  faces  of  two  solid  stone  piers,  in  such 
positions  that  the  axis  of  the  instrument  is  horizontal,  or 
nearly  so,  and  such  that  the  telescope  can  move  in  the  meridian 
only,  or  very  nearly  so.  The  axis  has  two  adjustments,  one 
for  making  it  horizontal,  and  the  other  for  adjusting  the  tele- 
scope to  the  meridian.  Two  circles  are  placed  near  the  eye  end 
of  the  telescope,  furnished  with  verniers,  to  which  a  small  level 
is  attached,  the  purpose  of  which  is  to  enable  the  observer  to 
direct  the  telescope  to  any  meridian  altitude. 

On  looking  into  the  telescope,  a  set  of  vertical  lines  (techni- 
cally called  wii'es)  is  seen,  five  or  seven  in  number,  and  crossed 
at  right  angles  by  one  or  two  horizontal  wires.    These  lines 
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are  fine  cobwebs,  or  fine  threads  fixed  in  the  telescope  to  a 
wire-plate,  very  near  the  eye :  the  stars  are  seen  to  pass  them 
successively  from  one  to  the  other,  and  across  the  field. 


Fig.  246. 


Near  the  transit  instrument  is  placed  a  clock,  called  the 
'  Transit  Clock,  adjusted  to  sidereal  time,  by  making  its  indica- 
t  tions  of  twenty-four  hours  correspond,  or  very  nearly  so,  with 
I  the  interval  of  time  between  the  consecutive  passages  of  the 

same  star  over  the  meridian ;  one  duty  of  the  transit  instru- 
.ment  is  to  regulate  the  clock.    On  looking  at  an  object  through 

a  telescope,  the  object  itself  is  not  seen,  but  only  its  image 
•formed  at  the  focus  of  the  object-glass.    This  imago,  in  respect 
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to  the  object,  is  inverted ;  and  thus  the  upper  or  lower  limb  of 
the  sun,  moon,  or  planets,  &c.,  appears  the  lower  and  upper 
respectively,  as  seen  through  the  telescope ;  also  the  direction 
of  their  motions  is  reversed,  causing  all  heavenly  bodies  to 
appear  to  move  from  west  to  east.  This  is  explained  by  the 
following  diagram  : — 


c 


D 


Fig.  247. 

Let  A B  (fig.  247)  be  a  distant  object,  en  an  object-glass,  f 
the  focus,  G  n  the  eye-glass.  A  ray  of  light  proceeding  from 
A  B  falls  on  the  object-glass,  is  refracted  or  bent  by  it,  and 
turned  in  the  direction  p.  The  ray  from  a  proceeds  as  above 
described,  and  meets  the  eye-glass  at  its  lower  part ;  in  like 
manner  that  at  b  meets  the  eye-glass  at  its  higher  part:  thus 
the  image  of  the  object  a  b  is  inverted.  In  like  manner  rays 
proceeding  from  the  sides  of  the  object  are  inverted,  and  hence 
the  motions  of  the  heavenly  bodies  are  reversed. 

On  looking  at  a  star  with  the  naked  eye  (to  the  south),  the 
star  passes  from  left  to  right,  but  on  looking  into  the  telescope, 
the  image  of  the  star  is  seen  to  enter  at  the  right  hand,  and 
to  pass  over  the  wires  in  succession  from  right  to  left.  The 
motion  of  all  stars,  as  magnified  by  the  telescope,  is  sensible  ; 
those  situated  neax  the  equator  move  very  quickly. 

On  a  star  approaching  the  meridian,  the  observer  having 
directed  the  teleseope  to  that  part  of  the  heavens  over  which 
it  will  pass,  looks  in  and  sees  both  the  wires  and  the  image  of 
the  star.  He  then  listens  to  and  counts  the  beats  of  the  clock 
recording  the  second  and  tenth  part  of  the  second  in  a  record- 
ing book,  held  in  his  hand,  as  the  star  passes  each  of  the 
separate  wires  (fig.  246).  By  taking  the  mean  or  average 
of  these  times,  the  time  is  determined  when  the  star  was 
on  the  meridian.  In  a  similar  manner  he  observes  the  sun, 
moon,  planets,  &c.,  and  thus  finds  the  time  of  the  clock  at 
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whicli  they  severally  pass  the  meridian.  If  now  the  instru- 
ment and  the  clock  were  all  without  error,  these  times  would 
be  the  right  ascensions  of  the  objects  observed,  conditions, 
however,  which  are  never  fulfilled ;  to  the  times  thus  found 
small  corrections  are  to  be  appUed,  for  the  deviations  of  the 
instrument  from  perfect  adjustment,  and  for  clock  errors. 

The  clock  time  at  which  a  well-known  star  passes  the  meri- 
dian being  thus  found,  the  error  of  the  clock  is  ascertained  by 
comparing  this  time  with  its  tabular  right  ascension,  pubKshed 
in  the  '  Nautical  Almanac,'  and  based  upon  all  the  observa- 
tions made  upon  that  star  for  many  years.  Such  stars  are 
called  clock  stars ;  and  the  difference  found  between  the  clock 
time  and  the  right  ascension  of  the  star  gives  the  eiTor  of  the 
clock,  and  so  true  time  is  foimd. 

If  the  clock  be  so  adjusted  that  the  same  time  be  shown  at 
two  conseciitive  passages  of  the  same  star,  there  is  no  clock- 
rate,  and  the  error  of  the  clock  would  be  applicable  to  every 
object  observed  between  these  times.  But  if  the  clock  does 
not  exactly  show  24  hours  in  this  interval,  the  difference  from 
24  hours  becomes  known,  and  is  the  clock's  daUy  rate  ;  and  we 
can  calculate  a  due  and  proportionate  part  of  this  rate  at  the 
time  of  every  observation,  and  thus  obtain  the  same  results  as 
though  the  clock  were  accurately  adjusted.  The  error  of  the 
clock  becomes  thus  known  at  the  time  of  every  observation,  and 
by  its  application  to  the  clock  time,  the  right  ascension  is 
I  determined. 

In  an  adjoining  apartment,  in  an  observatory,  will  be  found 
'  the  mural  circle.    The  instrument  is  in  appearance  like  a 
'  wheel :  A  (fig.  248)  is  a  stone  pier,  several  feet  in  thickness, 
!  upon  which  it  is  supported.    The  circle  turns  round  an  axis 
•■  which  passes  through  the  pier ;  its  edge,  or  cylindrical  rim,  is 
1  divided  into  360  equal  parts,   or  degrees,  and  each  degree 
iis  subdivided  into  twelve  equal  parts,  and  therefore  into  five 
I  minutes  of  arc ;  thus  the  outer  rim  has  engraved  upon  it  4320 
lines,  on  a  band  of  platinum.    The  accurate  division  of  this 
band  is  a  verj"-  severe  test  of  the  ability  of  the  instrument- 
maker.    To  the  circle  a  telescope  is  attached,  which,  from 
.time  to  time,  can  be  moved  on  the  circle,  so  that  different 
parts  of  its  limb  may  be  made  to  measure  the  same  arc  in  the 
heavens.    The  telescope  is  furnished  with  a  system  of  wires 
'Similar  to  that  in  the  transit  instrument.    Its  eye  end  is  also 


366 


OPTICS. 


fiimislied  with  a  wire  micrometer — an  apparatus  adapted  to 
the  measurement  of  small  angular  spaces. 


Pig.  248— The  Mural  Circle. 

The  micrometer  consists  of  a  moving  frame,  across  which 
one  or  more  wires  are  stretched,  as  sho-mi  in  figure  249.  The 
whole  is  moved  by  the  screw,  and  kept  in  position  by  an  op- 
posing spring  b ;  the  screw  carries  a  head  divided  into  a  cer- 
tain number  of  parts  (usually  60  or  100),  one  side  of  the  box 
in  which  it  is  enclosed  being  removed,  to  show  its  action. 

The  mural  cii'cle,  with  its  telescope,  turns  round  on  an  axis 
which  passes  through  the  pier,  which  faces  to  the  east  or  west ; 
and  consequently,  like  the  transit  instrument,  can  move  only  in 
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the  meridian ;  objects,  therefore,  can  be  seen  only  whilst  they 
pass  the  meridian. 

On  the  face  of  the  pier  are  firmly  attached  six  microscopes 
placed  equidistant  and  aroimd  the  circle.    These  microscopes 
are  directed  to  the  several 
divisions  on  the  band  of  pla- 
tinum ;  they  are  each  furnished 
with  a  "wire  micrometer,  the 
heads  of  which  ai-e  divided  into 
sixty  parts,  as  shown  in  the 
accompanyingfigure,and  are  so 
adjusted  that  five  turns  of  the 
micrometer  screw  carries  the 
cross  wire  from  one  division  on 
the  Umb  to- the  next ;  as  these 
t  divisions  are  separated  by  five 
!  minutes  of  arc,  each  revolution 
i  of  the  screw  corresponds  to  one 
1  minute  of  arc.    The  micro- 
1  meter  head,  carried  by  the 
8  screw,  is  divided  into  sixty 
iparts,  and  therefore  each  part 
ccorresponds  to  one  second  of 
aarc ;  the  space  between  two  of 
the  parts  the  observer  mentally 
subdivides  into  ten  parts,  and 
hhus  measures  to  the  tenth 
art  of  a  second  of  arc  are 
acted.    On  looking  through 
he  microscopes  at  the  divisions 
n  the  limb,  the  foUovsdng  is 
e  appearance  shown.  The 
eth  on  the  left  hand  form 


Fig.  249. 

what  is  technically  called  the 
omb-plate,  and  five  of  its  notches  con'espond  to  the  space  of 
"ive  minutes  on  the  limb.    The  divisions  on  the  limb  of  the 
;ircle  are  shown  by  the  short  horizontal  lines ;  opposite  to  one 
t)f  these  di\4sions  to  the  right  is  a  single  dot,  opposite  to 
iinother  are  two  dots,  and  to  a  third  three  dots :  these  respect- 
vely  show  the  value  of  those  divisions  to  bo  fifteen  minutes, 
.hirty  minutes,  and  forty-five  minutes  distant  from  the  pre- 
ceding whole  degree.    In  reading,  one  angle  of  the  cross  wires 
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of  the  micrometer  is  bisected  by  one  of  the  divisions  on  the 
limb,  as  shown  in  fig.  250. 

The  use  of  the  several  microscopes  is  to  avoid  the  error  con- 
sequent on  the  use  of  one  only,  which 
might  be  caused  by  faulty  divisions  or 
imperfections  in  the  form  of  the  circle. 

When  a  star  or  object  is  approach- 
ing the  meridian,  the  observer  dii-ects 
his  telescope  to  that  part  of  the 
heavens  over  which  it  will  pass,  and 
bisects  the  star  by  the  micrometer 
horizontal  wire  when  it  is  situated  on 
or  near  the  middle  wire,  then  by 
reading  the  several  microscopes  he  Fig.  250. 

ascertains  the  reading  of  the  circle  when  the  telescope  was 
directed  to  this  star.  To  render  this  observation  available,  it 
is  necessary  to  know  the  reading  of  the  circle  when  the  tele- 
scope is  directed  to  some  definite  place,  as  the  horizon,  the 
zenith,  or  the  pole  :  this  point  from  which  to  measure  is  found 
by  the  use  of  a  trough  of  mercury,  and  is  as  follows : — The 
mercury  is  so  placed  that  on  the  star  approaching  the  meridian 
its  reflected  image  can  be  seen  through  the  telescope,  and  an 
observation  made  as  above  described ;  by  the  time  the  star  has 
passed  the  meridian,  the  telescope  may  be  directed  to  the  star 
itself,  and  a  second  observation  made.  In  the  former  observa- 
tion the  telescope  was  directed  to  a  point  as  much  depressed 
below  the  horizon,  as  in  the  latter  it  was  directed  to  a  point  ele- 
vated above  the  horizon ;  and  from  these  observations  the  reading 
of  the  circle,  when  the  telescope  is  directed  to  the  horizon,  may 
be  found.  If  to  this  reading  90°  be  applied,  the  reading  wiU 
be  found  when  the  telescope  is  directed  to  the  zenith.  If  this 
be  used  as  a  starting-point  from  which  to  measure,  then  the 
difiference  between  this  reading  and  all  others  will  give  the 
apparent  angular  zenith  distance  of  the  several  objects  obsers'-ed. 
It  is  necessary,  however,  to  remember  that  every  object  in  the 
heavens  appears  to  be  too  high,  in  consequence  of  refraction. 

The  theory  of  refraction  it  may  be  as  well  to  refer  to  in  detail 
once  more.  A  ray  of  light  as  proceeding  from  a  star,  is  bent, 
so  as  to  form  a  smaller  angle  with  a  perpendicular  to  the  sur- 
face of  the  earth,  and  this  bending  is  increased  till  the  ray 
reaches  the  earth's  surface,  and  the  object  is  seen  in  the  direc- 
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tion  of  the  last  bend  of  the  ray,  causing  all  objects  to  appeal' 
higher  than  they  rcaUy  are.  This  will  be  better  imderstood  by 
reference  to  the  figure  251. 

Let  A  B,  c  D,  E  F,  G  H,  and  i  j  represent  portions  of  concentric 
strata  of  atmosphere.  A  ray  of  light  proceeding  from  a  star  s, 
meets  successively  the  several  sti'ata,  and  is  continually  bent 
at  a  different  angle ;  tUl,  finally,  it  is  seen  in  the  direction  of 
s  0,  and  the  object  seems  to  occupy  the  position  s'.  The  in- 
crease of  density  of  the  atmosphere  on  approaching  the  earth 
foUows  the  law  of  continuity ;  so  that  the  ray,  in  traversing 
the  atmosphere,  enters  at  every  instant  into  a  denser  medium ; 
its  true  path  is  therefore  curved,  as  shown  in  the  following 
diagram,  where  o  represents  the  place  of  an  observer  on  the 
surface  of  the  earth,  z  his  zenith,  h  his  horizon,  s  the  place 
of  a  star  ;  the  path  of  the  ray  will  be  s  A  o,  and  the  star  will  bo 
seen  in  the  direction  of  o  s',  and  not  o  s  ;  the  difference  between 

z 

I 


s' 


Fig.  251. 

t  tke  angles  s  o  h  and  s'  o  h  is  what  is  called  atmospheric  refi'ac- 
l  tion,  the  amount  of  which  is  to  be  calculated  for  every  ob- 
s  servation,  to  reduce  it  to  what  it  would  haye  been  had'there 
*  been  no  atmosphere. 

2  b 
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By  determining  the  elevation  of  tlie  pole  star,  and  other 
stars  situate  near  the  pole,  above  the  horizon,  both  when  above 
and  below  the  pole,  the  true  place  of  the  pole  may  be  found ; 
and  consequently  the  north  polar  distance  of  all  objects  can 
be  ascertained  by  adding  to  the  true  zenith  distances  the 
angular  distance  of  the  pole  from  the  zenith,  or  the  co-latitude 
of  the  place  (fig.  252). 


The  declination  is  found  by  taking  the  difference  between 
the  north  polar  distance  and  90°.  Thus,  by  the  use  of  the 
transit  instrument,  one  of  the  two  elements  to  determine  the 
place '  of  a  celestial  object  is  obtained,  and  by  the  use  of  the 
mural  circle,  the  other  necessary  element  is  determined.  These 
being  found — in  the  case  of  the  old  planets,  are  compared  with 
theii"  calculated  places,  and  the  diiferences  between  them, 
called  errors  of  tables,  form  the  basis  of  future  calculations  to 
free  the  tables  of  such  errors.  In  the  case  of  new  planets  and 
comets,  their  orbits  are,  in  the  first  place,  calculated  from  the 
observed  right  ascensions  and  north  polar  distances ;  and  the 
results  of  such  calculations  remain  for  comparison  with  future 
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observations,  with  the  vie-w  to  the  improvement  of  the  elements 
of  their  orbits. 

Hie  Gyroscape. — The  phenomena  of  rotatory  motion,  and 
that  of  planetaiy  motion,  known  to  astronomers  as  precession 
and  nutation,  have  recently  been  aptly  illustrated  by  thegyi-o- 
scope,  an  instrument  constructed,  and  more  recently  modified, 
by  M.  Foucault. 

The  name  of  the  instrument  is  derived  from  two  Greek 
words,  the  one  denoting  to  turn,  and  the  other  to  view.  Every 
particle  of  a  disc  revolving  on  an  axis  endeavoiars,  or  has  a 
tendency,  to  fly  therefrom,  on  account  of  centrifugal  force ; 
but  diametrically  opposite  are  the  similar  particles  exerting 
the  same  iafluence  on  the  axis.  This  force,  influencing  the 
axis  aU  around,  causes  the  rotating  body  to  tend  to  preserve  its 
plane  of  xotation,  and  with  the  size  of  the  rotatiiig  body  it 
requires  a  considerable  increasing  force  to  displace  its  axis. 
This  fact  being  well  understood,  presents  the  key  to  the  ex- 
planation of  all  the  experiments  that  the  instrument  is  capable 
of  exhibiting. 

When  the  disc  b  (fig,  253)  is  rapidly  rotating,  and  the 
stand  D  is  turned,  the  axis  ii  of  the  disc  b  will  constantly 
point  to  the  same  direction.  The  fric- 
tion of  the  vertical  axis  must  be  con- 
sidered as  nothing;  therefore,  the 
tendency  of  the  disc  to  keep  the  plane 
of  rotation  is  not  impeded,  and  no 
effect  is  produced  upon  the  same ;  and 
similar  is  the  case  when  the  gyro- 
scope is  taken  by  the  stand  and  moved 
in  any  direction.    Even  an  inclina- 
tion of  the  stand  n  in  the  plane  of  the 
axis  wiU  produce  no  effect :  i.  e.  if  the 
axis  stand  horizontally,  it  will  con- 
tinue to  do  so ;  but,  attempting  to 
turn  the  semicircle  c  to  the  right  or 
to^  the  left  hand,  the  axis  of  the  disc 
"wiU  take  up  such  a  position  as  to 
coincide  with  the  new  axis  which  the 
experimenter  is  endeavouring  to  con- 
fer.   In  such  instance  two  forces  are 
simultaneously  summoned  into  ac-  pig  203. 

2  B  2  " 
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tmty — the  force  of  the  hand,  and  the  tendency  of  the  disc  to 
keep  the  plane  of  rotation ;  and  the  former  being  infinitely 
greater  than  the  latter,  the  disc  can  only  move  ia  the  pre- 
scribed direction. 

If  the  semicircle  o  and  the  gymbal  a  be  connected  by  means 
of  a  mUled-headed  screw  k,  no  resistance  will  be  felt  either 
way.  The  same  will  be  the  case  in  one  direction  if  the 
quadrant  g  be  attached  to  the  semicircle  c ;  but  then  some 
other  plienomena  occur,  because  the  two  axes  are  at  right 
angles  with  each  other.  The  impossibility  of  the  one  force 
exerting  its  influence,  leaves  the  other  force  free  to  act,  as 
though  the  other  were  not  in  existence ;  but  the  force  is  only 
appai'cntly  lost,  for  a  slight  push,  against  the  semicircle  will 
cause  the  instrument,  as  it  were,  to  revolve  round  the  stand  on 
the  table ;  that  is  to  say,  the  instrument  lifts  a  little  from  the 
table,  and  plays  around  the  surface  of  the  stand.  In  this 
manner  the  force  that  is  stopped  by  the  quadrant  shows  again 
at  the  bottom  of  the  stand. 

If  a  weight  p  be  suspended  in  the  continuation  of  the  axis  on 
the  screws  l  l,  it  will  be  unable  to  draw  the  same  down,  but  will 
impart  a  slow  horizontal  motion  to  the  spindle  m.  This  is  a  beau- 
tiful and  instructive  experiment ;  if  the  rotation  of  the  disc  be 
stopped,  the  weight  will  draw  it  down;  if  the  horizontal 
motion  of  the  semicircle  be  stopped,  the  weight  will  draw  the 
disc  down,  however  rapid  may  be  the  rotation;  i.  e.  remove 
the  possibility  that  the  compounded  effect  can  take  place,  and 
the  one  that  is  left  at  liberty  will  act  as  though  the  other  had 
no  existence. 

This  remarkable  fact  bears  analogy  to  some  of  the  most 
important  truths  of  the  '  Mecanique  Celeste.'  If  the  rotation 
of  the  earth  were  stopped,  it  would  faU  upon  the  sun  ;  and  if 
the  possibility  of  the  orbitual  revolution  of  the  earth  around 
the  sun  were  stopped,  it  would  fall  upon  the  sun,  notwith- 
standiug  its  axial  rotation. 

When  the  ring  a  with  the  rotating  disc  b  is  detached  from 
the  semicircle  c,  by  lifting  the  screw  e,  and  suspended  by  a 
stiing  on  the  screw-head  l,  the  disc  will  stand  horizontally, 
and  whilst  so  suspended  it  will  revolve  slowly  round  the  sus- 
pending string  as  a  centre  of  motion ;  the  tendency  of  the 
rotating  body  to  keep  the  position  of  its  axis  is  so  great  as  to 
resist  the  action  of  gravity  on  the  mass,  even  if  an  extra 
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weight  be  suspended  on  the  opposite  screw-head  l.  Another 
modification  of  the  experiment  is  to  let  the  arrangement  rest 
on  a  hook  h  in  the  continuation  of  the  axis  in  a  hollow  at- 
tached to  the  stand.  If  the  weight  be  changed  to  the  opposite 
side,  the  semicircle  wiU  turn  to  the  opposite  dii-ection. 

The  rotating  disc,  freely  moved  in  all  directions  by  the 
hand,  will  furnish  a  very  forcible  proof  of  the  resisting  force 
which  is  opposed  to  any  endeavour  to  change  the  plane  of 
rotation ;  and  if  placed  with  the  screw-head  l  on  the  table,  it 
win  keep  itself  upright  like  a  spinning-top ;  and  if  the  friction 
between  the  screw-head  and  the  table  be  greater  than  between 
the  point  on  which  the  axis  turns,  the  ring  will  remain  sta- 
tionaiy. 

Close  to  the  axis,  on  the  disc,  is  a  milled  wheel,  which  can 
serve  as  a  means  of  calculating  the  number  of  revolutions  in 
a  second.  If  a  card  be  held  against  it,  a  musical  tone  is  pro- 
duced, which  will  rise  higher  with  the  rapidity  of  the  rotation : 
if  the  note  be  taken,  and  the  number  of  the  teeth  in  the 
milled  wheel  be  known,  the  number  of  the  rotations  can  be 
calculated  by  an  acoustical  table. 

[For  an  analytical  investigation  of  the  phenomena  exhibited 

I  by  the  gyroscope,  the  reader  is  referred  to  a  paper  by  Mr. 

i  John  Bridge,  in  the  '  Philosophical  Magazine'  for  November 

]  1857.] 

The  Microscope. 

The  telescope  opened  out  to  man's  view  a  system  of  worlds 
and  an  extent  of  space  almost  too  large  to  be  grasped  by  his 
inteUeet.  Another  optical  instrument,  the  microscope,  has 
revealed  worlds  in  miniature,  so  immense  in  numbers,  so  per- 
fect in  organization,  surrounding  man  in  all  space  and  matter, 
'  enjoying  their  existences  and  performing  aU  the  duties  imposed 
upon  them  by  the  laws  of  nature,  and  yet  so  small  as  to  be 
hidden  from  the  unaided  eye.  By  the  microscope  also  the 
minutest  structure  of  aU  matter  is  seen,  and  nothing  remains 
hid  from  its  piercing  scope. 

The  word  microscope  means,  to  see  what  is  small.  Tbo 
most  powerful  instruments  resemble  in  construction  an  inverted 
telescope ;  but  as  the  latter  forms  an  image  of  a  distant  object 
smaller  than  itself  in  proportion  as  the  distance  of  the  image 
from  the  glass  is  less,  the  former  having  a  small  object  placed 


374 


OPTICS. 


near  the  focus  of  the  object-glass  produces  a  more  distinct 
image,  as  much  larger  than  itself  as  the  image  is  more  distant, 
for  which  purposes  there  is  a  proper  adaptation  of  object- 
glasses,  that  of  the  telescope  being  generally  large,  that  of  the 
microscope  very  small.  Thus,  if  the  focal  distance  of  an 
object-glass  in  a  microscope  be  one-eighth  of  an  inch,  and  the 
object  be  so  situated  that  its  image  is  formed  at  six  inches,  the 
image  wiU  be  of  a  diameter  forty- eight  times  as  great  as  the 
object ;  and  when  seen  through  an  eye-glass  of  half  an  inch 
focus,  it  will  seem  magnified  twelve  times  more,  or  30,000 
times  larger  than  the  real  size  of  the  object. 


Fig.  254. — The  Compound  Microscope. 
As  we  cannot  see  small  objects  nearer  than  about  six  inches, 
we  make  use  of  glasses  to  look  at  them  nearer  than  this  di- 
stance, because  the  apparent  size  of  objects  is  measured 
by  the  angle  under  which  they  are  seen  by  the  eye,  which 
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Fig.  256. 


of  course  must  be  greater  or  less  as  the  object  is  nearer 
or  more  distant ;  thus,  if  a  k  (fig.  255)  and  o  w  be  two  equal 
objects,  one,  o  w,  at  the  distance  of  "  distinct  vision  "  from 
the  eye,  six  inches,  and  the  other,  a  r,  at  half  that  di- 
stance, that  we  may  be  able  to  a 
see  A  R  we  must  place  a  convex 
lens  between  it  and  the  eye,  to 
cause  the  rays  proceeding  from 
the  object  to  pass  out  of  the 
lens,  and  thus  convez-ge  to  a 
focus  on  the  retina  of  the  eye. 

When  an  object  is  too  near 
the  eye  (fig.  256),  the  rays  are 
too  divergent  to  admit  of  di- 
stinct vision ;  hence,  by  apply- 
ing a  convex  lens  (fig.  257), 
the  rays  are  rendered  parallel  to  the  eye,  and  the  object  di- 
stinctly visible ;  the  convex  lens 
becomes  a  single  microscope. 

ilicroscopes  are  of  three  kinds, 
the  single,  compound,  and  solar. 

The  magnifying  power  of  the 
single  microscope  is  found  by 
dividing  the  distance  a  person 
sees  at  best,  by  the  focal  distance 
of  the  lens ;  thus,  if  a  person  sees 

an  object  well  at  6  inches,  and  the  focal  distance  of  the  lens 
be  ^gth  of  an  inch,  it  is  said  to  magnify  lineally,  or  in  one 
direction,  60  times,  and  the  surfaces  will  be  magnified  60 
times  60,  or  3600  times. 

A  compound  achromatic  microscope  is  a  beautiful  piece  of 
workmanship,  possessed  of  aUthe  appHances  of  mechanical  sci- 
ence, and  lately  brought  to  a  wonderful  state  of  perfection  (fig. 
254).  It  consists  of  two  compound  lenses,  by  one  of  which, 
the  object-glass,  an  image  is  formed  within  the  tube  of  the 
microscope ;  which  image  is  viewed  instead  of  the  object,  as 
r  re-magnified  by  the  second  lens,  the  eye-glass. 

A  section  of  a  modem  compound  achromatic  microscope,  as 
manufactured  by  our  best  makers,  is  represented  by  fig.  258, 
where  o  is  an  object;  above  it  is  seen  the  triple  achromatic 
object-glass,  and  in  connexion  with  it  e  e,  ff,  plano-convex 
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lenses,  e  e  being  the  eye-glass,  and  //,  the  field-glass,  and 
between  them  at  5  5  a  dark  spot  or  diaphragm.  The  course 
of  the  light  is  shown  by  three  rays,  draAvn  from  the  centre, 
and  three  fi'om  each  end  of  the  object  o ;  these  rays,  if  not 
prevented  by  the  lens  //,  or  the  diaphragm  at  6  h,  would 
form  an  image  at  a  a ;  but  as  they  meet  with  the  lens  // 
in  their  passage,  they  are  converged  by 
it  and  meet  at  h  h,  where  the  diaphragm 
is  placed  to  intercept  all  the  light  except 
that  required  for  the  formation  of  a  per- 
fect image ;  the  image  at  5  6  is  further 
magnified  by  the  lens  e  e,  as  if  it  were  an  ■ 
original  object. 

Mr.  Lister's  investigations  in  the  year 
1829,  made  for  the  purpose  of  improving 
and  coiTecting  the  imperfections  of  the 
object-glasses  of  the  compound  microscope, 
led  to  the  most  important  results. 

In  the  improved  combination  the  dia- 
meter is  only  sufl5cient  to  admit  the  proper 
pencil ;  the  convex  lenses  are  ^vrought  to 
an  edge,  and  the  concave  have  only  suffi- 
cient thickness  to  support  their  figure: 
consequently  the  combination  is  the  thin- 
nest possible,  and  it  follows  that  there 
will  be  the  gTeatest  distance  between  the 
object  and  the  object-glass.  The  focal 
length  is  -i-th  of  an  inch,  having  an  angular 
aperture  of  60°,  with  a  distance  of  -g'^th 
of  an  inch,  and  a  magnifying  power  of 
970  times  linear,  with  perfect  definition  of 
the  most  difficult  test-objects. 

The  quality  of  the  definition  produced 
by  an  achromatic  compoiind  microscope 
will  depend  upon  the  accuracy  with  which 
the  aberrations,  both  chromatic  and  sphe- 


rical, are  balanced,  together  with  the 


Fig.  258. 


general  perfection  of  the  workmanship. 
•Now  in  Wollaston's  doublets  and  Holland's  triplets  there  are 
no  means  of  producing  a  balance  of  the  aberrations,  as  they 
are  composed  of  convex  lenses  only ;  therefore  the  best  thing 
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that  can  be  done  is  to  make  the  aberrations  a  minimum.  The 
remaining  positive  aberration  in  these  forms  produces  its  pecu- 
liar effect  upon  objects,  which  may  lead  to  misapprehension  of 
their  true  structure;  but  with  the  achromatic  object-glass, 
where  the  aberrations  are  correctly  balanced,  the  most  minute 
parts  of  an  object  are  accurately  displayed,  so  that  a  satisfac- 
tory judgment  of  their  character  may  be  formed.  When  an 
object  has  its  abeiTations  balanced  for  viewing  an  opake 
object,  and  it  is  required  to  examine  that  object  by  transmitted 
light,  the  correction  will  remain ;  but  if  it  is  necessary  to 
immerse  the  object  in  a  fluid,  or  to  cover  it  with  glass,  an 
aberration  arises  from  these  circumstances  which  will  disturb 
the  previous  correction,  and  consequently  deteriorate  the  defi- 
nition ;  and  this  defect  will  be  more  obvious  from  the  increase 
of  distance  between  the  object  and  object-glass. 

The  triple  achromatic  combination  constructed  on  Mr.  Lis- 
ter's improved  plan,  although  capable  of  transmitting  large 
angular  pencils,  and  corrected  as  to  its  own  errors  of  spherical 
and  chromatic  aberration,  would,  nevertheless,  be  of  little 
service  without  an  eye-piece  of  peculiar  construction. 

"  It  is  difficult,"  says  Mr,  Eoss,  "  to  convey  a  perfect  idea 
of  the  beautiful  series  of  corrections  effected  by  the  eye-piece, 
and  which  were  first  pointed  out  in  detail  in  a  paper  on  the 
subject,  published  by  Mr.  Varley,  in  the  fifty-first  volume  of 
the  *  Transactions  of  the  Society  of  Arts,'  The  eye-piece  in 
question  was  invented  by  Huyghens  for  telescopes,  with  no 
other  view  than  that  of  diminishing  the  spherical  aberration 
by  producing  the  refractions  at  two  glasses  instead  of  one,  and 
of  increasing  the  field  of  view.  It  consists  of  two  plano-convex 
lenses,  with  their  plane  sides  towards  the  eye,  and  placed  at  a 
distance  apart  equal  to  half  the  sum  of  their  focal  lengths, 
with  a  stop  or  diaphragm  placed  midway  between  the  lenses. 
Huyghens  was  not  aware  of  the  value  of  his  eye-piece ;  it 
was  reserved  for  Boscovich  to  point  out  that  he  had,  by  this 
important  arrangement,  accidentally  corrected  a  great  part  of 
the  chromatic  aberration.  Let  fig,  259  represent  the  Huyghe- 
nian  eye-piece  of  a  microscope,  i-  r  being  the  field-glass,  and 
E  K  the  eye-glass,  and  l  m  x  the  two  extreme  rays  of  each  of 
the  three  pencils  emanating  from  the  centre  and  ends  of  the 
object,  of  which  but  for  the  field-glass,  a  series  of  coloured 
images  would  be  formed  from  u  n  to  b  b  ;  those  near  k  r  being 
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red,  those  near  bb  blue,  and  the  intermediate  ones  green, 
yellow,  and  so  on,  corresponding  with  the  colours  of  the  pris- 
matic spectrum.  This  order  of  colours  is  the  reverse  of  that 
of  the  common  compound  microscope,  in  which  the  single 
object-glass  projects  the  red  image  beyond  the  blue. 

"  The  effect  just  described,  of  projecting  the  blue  image 
beyond  the  red,  is  pur- 
posely produced  for  rea- 
sons presently  to  be  given, 
and  is  called  over-cor- 
recting the  object-glass 
as  to  colour.  It  is  to  be 
observed  also,  that  the 
images  bb  and  kk  are 
curved  in  the  wrong  direc- 
tion to  be  distinctly  seen 
by  a  convex  eye-lens,  and 
this  is  a  further  defect  of 
the  compound  microscope 
of  two  lenses.  But  the 
field-glass,  at  the  same 
time  that  it  bends  the  rays 
and  converges  them  to  foci 
at  b'  b'  and  e'  r',  also  re- 
verses the  eurvatm-e  of  the 
images  as  there  shown, 
and  gives  them  the  form 
best  adapted  for  distinct 
vision  by  the  eye-glass  ee. 
The  field-glass  has  at  the  I'ig-  259. 

same  time  brought  the  blue  and  red  images  closer  together,  so 
that  they  are  adapted  to  pass  imcoloui-ed  through  the  eye- 
glass. To  render  this  important  point  more  intelligible,  let  it 
be  supposed  that  the  object-glass  had  not  been  over-corrected, 
that  it  had  been  perfectly  achromatic ;  the  rays  would  then 
have  become  coloured  as  soon  as  they  had  passed  the  field- 
glass  :  the  blue  rays,  to  take  the  central  pencil,  for  example, 
would  converge  at  h,  and  the  red  rays  at  r,  which  is  just  the 
reverse  of  what  the  eye-lens  requires ;  for  as  its  blue  focus  is 
also  shorter  than  its  red,  it  would  demand  rather  that  the 
blue  image  should  be  at  r,  and  the  red  at  h.    This  effect  we 
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have  shown  to  ho  produced  hy  the  over-correction  of  the 
object-glass,  which  protrudes  the  blue  foci  b  b  as  much  beyond 
the  red  foci  k  k  as  the  sum  of  the  distances  between  the  red 
and  blue  foci  of  the  field-lens  and  eye-lens ;  so  that  the  sepa- 
ration BE  is  exactly  taken  up  in  passing  through  those  two 
lenses,  and  the  whole  of  the  colours  coincide  as  to  focal  distance 
as  soon  as  the  rays  have  passed  the  eye-lens.  But  while  they 
coincide  as  to  distance,  they  differ  in  another  respect, — the 
blue  images  are  rendered  smaller  than  the  red  by  the  superior 
refractive  power  of  the  field-glass  upon  the  blue  rays.  In 
"tracing  the  pencil  i,  for  instance,  it  will  be  noticed  that,  after 
passing  the  field-glass,  two  sets  of  lines  are  drawn,  one  whole 
and  one  dotted,  the  former  representing  the  red,  and  the  latter 
the  blue  rays.  This  is  the  accidental  effect  in  the  Huyghenian 
eye-piece-  pointed  out  by  Boscovich.  The  separation  into 
colours  of  the  field-glass  is  like  the  over-correction  of  the 
object-glass, — it  leads  to  a  subsequent  complete  correction. 
For  if  the  difierently  coloured  rays  were  kept  together  till  they 
reached  the  eye-glass,  they  would  then  become  coloured,  and 
present  coloiired  images  to  the  eye ;  but  fortunately,  and  most 
beautifully,  the  separation  effected  by  the  field-glass  causes 
the  blue  rays  to  fall  so  much  nearer  the  centre  of  the  eye-glass, 
where,  owing  to  the  spherical  figure,  the  refractive  power  is 
less  than  at  the  margia,  that  that  spherical  error  of  the  eye- 
lens  constitutes  a  nearly  perfect  balance  to  the  chromatic 
dispersion  of  the  field-lens,  and  the  blue  and  red  rays  i"  and 
i'  emerge  sensibly  parallel,  presenting,  in  consequence,  the 
perfect  definition  of  a  single  point  to  the  eye.  The  same 
reasoning  is  true  of  the  intermediate  colours  and  of  the  other 
pencUs." 

■  Dr.  August  gives  the  following  method  of  ascertaining  pretty 
accurately  the  magnifying  power  of  a  compound  refracting 
microscope.  An  object,  of  which  the  size  is  known,  has  to  be 
placed  before  the  object-glass;  then  looking  with  one  eye 
through  the  microscope,  with  the  other  look  at  the  points  of  a 
pair  of  compasses,  held  at  the  distance  of  distinct  vision  before 
it.  Having  adjusted  the  compasses  to  the  diameter  of  the 
object  seen  through  the  microscope,  divide  this  diameter  by 
the  known  diameter  of  the  object,  both  being  in  the  same 
denonunation,  and  the  result  wiU  be  the  magnifying  power 
sought. 
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"We  subjoin  the  following  comparative  micromctrical  measures 
by  Dr.  Hannover,  as  a  reference  table : — 


Millimetre. 

Paris  lines. 

Vienna  lines. 

Rhenish  lines. 

English  inch. 

1 

2-255829 
2-195149 
2-179538 
25-39954 

0-443296 
1 

0-973101 
0-966181 
11-25952 

0-  4555550 

1-  027643 

1 

0-992888 
11-57076 

0-  458813 

1-  03.5003 
1-0071625 

1 

11-65364 

0-0393708 
0-0888138 
0-0864248 
0-0858101 
1 

The  wonderful  tracing  on  glass  executed  by  M.  Nobert,  of 
Earth,  in  Prussia,  deserves  attention.  The  plan  adopted  by 
him  is  to  trace  on  glass  ten  separate  bands  at  equal  distances 
from  each  other,  each  band  being  composed  of  parallel  lines  of 
some  fraction  of  a  Prussian  inch  apart ;  in  some  they  are 
Y  o\-)u^h,  and  in  others  only  ^^^^^th  of  a  Prussian  inch  sepa- 
rated. The  distance  of  these  parallel  lines  forms  part  of 
a  geometric  series  : — 


0-001000  lines. 
0-000857  „ 
0-000735  „ 
0-000630  „ 
0-000540  „ 


0  000463  lines. 
0  000397  „ 
0  000340  „ 
0  000292  „ 
0-000225  „ 


To  see  these  lines  at  all,  it  is  requisite  to  use  a  microscope 
■with  a  magnifying  power  of  100  diameters ;  the  bands  con- 
taining the  fewest  number  of  lines  will  then  be  visible.  To 
distinguish  the  finer  lines,  it  will  be  necessary  to  use  a  magni- 
f}dng  power  of  300,  and  then  the  lines,  which  are  only  jtVu^^ 
of  an  inch  (Prussian)  apart,  will  be  seen  perfectly  traced.  Of 
aU  the  tests  yet  found  for  object-glasses  of  high  power,  these 
would  seem  the  most  valuable.  These  tracings  have  tended  to 
confirm  the  undulatory  theory  of  light,  the  different  colours 
of  the  spectrum  being  exhibited  in  the  ruled  spaces  according 
to  the  separation  of  the  lines ;  and  in  those  cases  where  the 
distances  between  the  lines  are  smaller  than  the  length  of  the 
violet- coloured  waves,  no  colour  is  perceived ;  and  it  is  stated, 
that  if  inequalities  amounting  to  -000002  line  occur  in  some 
of  the  systems,  stripes  of  another  colour  would  appear  in  them. 

A  Solar  Microscope  is  for  transparent  objects,  and  can  only 
be  used  with  the  hydro-oxygen  light,  or  when  the  sun  shines 
strongly,  the  rays  from  which,  being  received  on  a  plane 
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miiTor,  are  reflected  through  a  lens  called  a  condenser,  in  a 
shutter  or  thi-ough  a  tube,  into  a  darkened  room ;  and  nearly 
in  the  focus  of  these  condensed  rays  another  lens  is  placed,  so 
as  to  obtain  a  large  amount  of  fight,  but  at  the  same  time 
avoiding  the  heat  rays,  which  would  otherwise  fall  ujion  the 
object  placed  within  the  bui-ning  focus.  The  object-glass  is 
adjusted  to  bring  the  object  exactly  in  its  focus,  thence  the 
rays  cross  and  diverge  to  a  white  screen  on  which  the  image 
is  seen :  the  magnifying  power  depends  on  the  distance  of  the 
screen  from  the  window.  This  microscope  is  employed  that 
several  persons  may  at  the  same  time  see  the  same  object.  It 
has  also  lately  been  used  for  throwing  the  magnified  images  of 
microscopic  objects  upon  prepared  photographic  surfaces  of  a 
very  large  size,  and  with  surprising  effect.  The  hydro- 
oxygen  microscope  is  a  modification  of  the  solar;  a  jet  of 
hydrogen  and  oxygen  gas  being  ignited,  is  allowed  to  play 
on  a  small  cylinder  of  lime  placed  in  the  interior  of  the 
instrument. 

The  luminous  effects  produced  by  exposing  lime  to  a  jet  of 
the  ignited  gases  is  familiar  to  every  one.  This  brilliant  light 
'  was  first  adapted  to  the  illumination  of  the  microscope  by 
(  Charles  Woodward,  Esq.,  F.R.S.,  who  succeeded  in  exhibiting 
t  transparent  objects  by  its  aid,  and  thus  rendering  this  valuable 
i  instrument  of  philosophical  research  available  at  all  times  and 
f  for  many  purposes ;  the  beauty  of  the  Dissolving  Views  may 
fcbe  especially  instanced. 

T7ie  Stand,  Lantern,  and  Caoutchouc  Gas-holders. — ^In  fig. 
''264,  a  represents  the  mahogany  lantern  and  its  sheet-iron 
chimney ;  b  the  mahogany  base,  on  which  the  lantern  can 
slide  in  a  dove-tail  gi-oove,  so  as  to  permit  the  movement  of 
■he  lenses  to  or  from  the  lime-light.    This  base  is  hoUow  and 
pierced,  to  admit  the  ascent  of  a  current  of  air  between  the 
first  condensing  lens  and  the  lime-light,  which  keeps  the 
'onner  cool,  and  carries  off  the  volatUized  particles  of  lime, 
hich,  if  allowed  to  settle  on  the  glasses,  would  impair  their 
ansparency.    c  is  a  triangular  fi-ame  supporting  the  base  b. 
A  shelf  is  seen  in  front  attached  to  the  frame  c  by  a  pair  of 
ihingcs,  which  permits  it  when  not  in  use  to  fold  up  in  front  of 
■he  base  b ;  and  when  wanted,  to  hold  the  obje3ts  for  exhibi- 
tion, powers,  &c.  .  d,  d'  e,  e',f,f  are  the  three  pairs  of  legs  of 
1  tripod  support  for  the  whole. 
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The  arrangement  for  the  supply  of  gases  possesses  many 
advantages :  the  principal  one  is,  that  by  an  elongation  of  the 
flexible  tubes  g  h,  the  gas-holders  may  be  placed  in  a  separate 


Fig.  260.— The  Hydro-oxygen  Microscope, 
apartment,  so  as  completely  to  obviate  any  objections  to  the 
exhibition  of  the  gas  microscope  in  famUy  fu-cles.    ihe  two 
gases  are  kept  perfectly  isolated  until  brought  together  at  tne 
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point  of  the  blowpipe  for  combustion.  They  are  introduced 
(by  means  hereafter  described)  into  separate  bags,  provided 
"with  pressure-boards  and  weights ;  the  name  of  each  gas  being 
distinctly  branded  on  its  proper  pressure-board  i,  Jc,  to  avoid 
the  possibihty  of  mistake.  Each  bag  is  connected  with  the 
blowpipe  by  a  separate  flexible  tube  g,  h  ;  these  tubes  are  at- 
tached by  union-joints  and  stop-cocks  to  the  gas-bags  m  and  n, 
which  are  constructed  of  india-rubber  cloth,  perfectly  air- 
tight. 

rig.  261  affords  a  skeleton  view  of  the  parts  connected  with 
the  gas  blowpipe,    a  is  a  side  view  of  a  portion  of  the  front  of 
the  lantern,  supporting  the  tube  that  holds  the  condensing 
lens ;  b  is  the  mahogany  base  before  mentioned,  on  which  the 
lantern  slides,  and  through  which  the  blowpipe  and  Ume- 
holder  h,  bearing  the  lime-cyHnder  i,  are  firmly  inserted.  A 
square  piece  of  brass  x  is  fixed  on 
the  bottom  of  the  base  b  by  three 
screws,  c,  d  are  two  hollow  pro- 
jjecting  cylinders  with  exterior 
i  screws  cut  upon  them,  the  threads 
of  which  are  concealed  in  the 
t  figure  by  the  union -joints  that 
(•connect  them  with  the  flexible 
t  tubes  which  convey  the  gases 
(oxygen  and  hydrogen)  from  their 
respective  bags  (fig.  260,  i,  Jc). 
Their  passage  through  the  solid 
piece  of  brass  .-r  in  the  figure  before 
us,  is  regulated  by  two  stop-cocks, 
■he  handles  of  which  are  not 
hown  in  this  figure,  but  may  be 
een  at  I  and  Jc,  fig.  261,  thi-ough 
hich  they  are  allowed  to  enter 
e  blowpipe  e  and  combine  within 
It,  in  given  quantities,  so  as  to 
reduce  the  most  brilliant  effect 
when  finally  propelled  and  ignited 
t  the  platinum  nozzle  /.  A  spring 
■  lit  in  the  outer  sliding  tube  of  the 
blowpipe  at  e  permits  the  nozzle  / 
»  be  elevated  ordepresscd  without 
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danger  of  leakage  ;  and  a  universal  joint  at  its  base  allows  it 
to  be  further  directed  with  ease  and  efficiency  m  any  lateral 
direction. 

Fig.  262  exhibits  the  manner  in  which  the  gases  enter  sepa- 
rately into  the  blowpipe,    a  is  a  piece  of  brass  cast  soHd,  and 
pierced  so  as  to  admit 
the  passage  of  the  two 
gases.  Both  cocks  are 
now  shown  shut.  The 
oxygen  gas  enters  by 
the  pipe  b,  and  when 
the  stop-cock  is'^ 
opened,  continues  its 
passage  dii'ectly  along  ' 
the  central  tube  from 
o',  to  the  extremity 
o",  to  which  the  little 
chamber  nozzle  of  pla- 
tinum is  attached  by  a 
screw.  The  hydi-ogen 
gas  is  admitted  by  the 
pipe  0,  and  when  the 
cock  is  oijened  for  its 
passage,  finds  its  further  way  into  the  outer  chamber  h  sui'- 
rounding  the  oxygen  passage  o',  and  then  enters  the  six  small 
pipes  seen  only  in  section ;  and  so  continues  to  the  extremity 
h",  where  it  is  emitted,  and  combines  with  the  central  stream 
of  oxygen  gas  in  the  minute  chamber  provided  for  that  purpose 
in  the  interior  of  the  platinum  nozzle.    The  mixed  gases  then 
pass  on  in  intimate  union,  and  out  through  the  orifice  of  the 
blowpipe  nozzle,  where  they  are  combined  and  directed  on  the 
lime-cylinder  for  the  purpose  of  illumination.    As  the  two 
gases  are  never  mixed  in  any  greater  quantity  than  is  contained 
in  the  interior  of  this  nozzle,  no  greater  amount  of  explosion 
can  at  any  time  take  place  than  would  be  caused  by  the  trifle 
contained  in  the  "  platinum  chamber  ;"  a  space  scarcely  worthy 
of  the  name  (being  not  larger  than  a  pin's  head),  were  it  not 
that  it  serves  a  purpose  of  safety  and  of  signal,  important  to 
the  operator  and  the  apparatus.    Whenever  the  cocks  are 
shut  so  as  to  cut  off  the  pressure  and  supply  of  the  gases,  the 
flame  naturally  retires  within  the  nozzle,  and  ignites  the  httle 
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explosive  mixture  which  it  contains,  producing  a  distinct 
snapping  noise,  something  like  that  occasioned  by  the  shutting 
of  a  penknife,  and  indicating  the  quiet  termination  of  combus- 
tion, explosion,  and  danger  of  an}'  kind. 

Attention  must  be  paid  to  the  position  of  the  blowpipe 
nozzle  so  as  to  attain  the  most  favourable  distance  and  direction 
for  playing  upon  the  lime.  This  can  easily  be  ascertained  and 
regulated  by  means  of  the  imiversal  joint.  It  must  be  recol- 
lected during  these  trials,  that  the  lime- cylinder  is  a  substance 
possessed  of  very  slight  cohesion  ;  and  that  it  is  liable  to  be 
rapidly  volatilized  or  carried  off  by  the  action  of  the  blowpipe 
wherever  any  one  portion  of  the  surface  is  continuously  exposed 
to  the  intense  heat  generated  at  the  point  of  the  flame.  To 
prevent  this,  you  must  turn  the  lime-holder  every  three  or 
four  minutes  by  the  milled  head  at  the  bottom  of  the  spindle 
h  (fig.  261)  so  as  to  expose  a  new  surface  to  the  action  of  the 
hydro-oxygen  jet.  This  is  a  trouble- 
some duty,  but  it  must  be  carefully 
executed,  otherwise  the  surface  of  the 
lime-cylinder  a  would  be  worn  into  a 
hole  similar  to  that  represented  at  h  (fig. 
263),  the  concavity  of  which  would  throw 
back  the  inflamed  gases  against  the  in- 
terior condensing  lens  c,  and  thereby 
most  probably  crack  it  into  a  thousand  ||  \\ 
pieces.  Magnesia  or  quartz  may  be 
substituted  for  the  Hme  with  advantage. 

The  tube  attached  to  the  front  of  the  ^^S- 
box  is^  shown  in  fig.  264.    g  is  the  tube  which  supports  or 
holds  in  it^s  prolongation  those  which  cai'ry  the  objects  and 
magnifying  powers.  It 
is  firmly  screwed  into 
the  larger  tube  /  by  the 
single-milled  rim  ad- 
joining, which  gives  the 
operator  the  means  of 
turning  the  entire  of  the 
tubes  extending  from  g 
to p,  Avith  all  the  powers 

and  objects  that  may  be  Fig-  264. 

contained  in  them,  completely  round,  either  from  right  to  left, 
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or  from  left  to  right.  The  tube  h  is  the  object-holder.  It 
carries  mthin  it  a  spring  tube,  whicli  by  means  of  four  pins, 
two  of  which  are  shown  at  I,  m,  can  be  easily  pushed  inwards 
towards  g,  so  as  to  open  a  space  for  the  introduction  of  the 
slider  containing  the  objects.  On  inserting  the  shder  and 
removing  your  hand  from  these  pins,  the  action  of  the  spiral 
spring  will  instantly  cause  the  return  of  the  inner  tube,  so  as 
to  close  lip  the  vacant  space  and  hold  the  slider  firmly  in  its 
place.  The  objects  are  brought  into  the  proper  focus  by  a 
revolving  movement  of  the  large  milled  head  i,  Avhich  turns  a 
pinion  that  acts  on  a  rack  in  the  interior  of  h,  and  thereby 
causes  it  to  advance  or  retreat  within  g,  until  the  slider  is 
adjusted  to  the  exact  distance  requisite  to  throw  a  perfect 
image  on  the  disc.  The  portion  of  the  tube  in  advance,  marked 
a,  is  the  power-liolder,  which  receives  the  three  magnifying 
glasses  (or  powers,  as  they  are  technically  termed)  used  in  this 
microscope.  Only  one  is  used  at  a  time.  That  shown  in  its 
place,  marked  jp,  is  the  lowest  power  of  the  thi'ce,  and  the 
most  suitable  for  a  learner  to  commence  with.  It  magnifies 
about  10,000  times,  superficial  measurement. 

To  maJce  and  collect  the  Oases. — The  fii-st  step  towards  the 
use  of  the  microscope  is  the  preparation  of  the  oxygen  and 
hydrogen  gases.  This  is  a  very  simple  operation,  and  may 
safely  be  entrusted  to  any  servant  of  ordinary  intelligence  after 
one  practical  lesson. 

In  fig.  265,  a  is  a  cast-iron  retort,  into  which  is  screwed, 
air-tight,  a  piece  of  gun-barrel  tube  h,  with  a  screw  for  a  union 
joint  at  the  other  end.  Pour  into  this  tube  as  much  black 
oxide  of  manganese  in 
caarse  powder  as  will  fill  cjp^'t^S::.; 
the  body  a  ;  then  place 
the  retort  in    a  good  I"ig-  205. 

kitchen  or  parlour  fire,  in  the  position  shown  in  fig.  2G6.  The 
best  fuel  for  the  purpose  is  coke  intermixed  with  charcoal 
but  any  clear-burning  fire  in  any  common  fireplace  will  answer 
the  purpose  ;  the  heat  may  be  increased  by  using  a  common 
pair  of  bellows,  or  the  blower  d. 

After  waiting  for  a  few  minutes  to  allow  the  atmospheric 
air  and  moisture  to  escape,  connect  by  means  of  the  union- 
screw  a  the  end  of  the  iron  tube  which  forms  the  neck  of  the 
retort  to  the  glass  bottle  h,  which  is  arranged  for  cooUng  the 
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gas  in  its  passage,  which  otherwise  might  injure  the  india- 
mbber  cloth  bag,  by  the  degree  of  softness  the  heat  would 
occasion.    It  is  three-fourths  filled  with  water.    The  wide 


Fig.  266. 

mouth  is  closely  fi.tted  with  a  brass  cap  cemented  upon  it, 
through  which  pass  two  flexible  metallic  tubes  ;  one  of  these 
(before  mentioned)  conducts  the  oxygen  gas  from  the  retort, 
and  opens  beneath  the  water  within  a  quarter  of  an  inch  of 
the  bottom.  From  this  orifice  the  gas  issues  freely  in  separate 
bubbles,  to  be  deprived  of  its  heat  as  it  ascends  through  the 
water,  which  will  further  retain  any  condensible  impurities 
that  may  happen  to  be  volatilized  in  the  process. 

"When  the  bag  is  full,  shut  the  stopcock,  and  if  more  gas 
be  required,  instantly  undo  the  connexion  Avith  the  conducting 
pipe  c,  and  transfer  the  supply  to  another  bag.    When  the 
charge  in  the  retort  has  given  forth  all  its  oxygen,  it  should  be 
taken  from  the  fire,  and,  having  first  imdone  the  union-joint 
at  a,  and  removed  the  flexible  pipe  that  connected  it  with  the 
bottle,  the  residual  oxide  of  manganese  should  be  thrown  out, 
•  whilst  still  red-hot,  by  turning  the  retort  with  its  mouth 
1  downwards,  and  shaking  it  briskly  in  a  pair  of  calliper-tongs. 
1  If  left  to  cool,  the  oxide  will  cake  together  and  become  difficult 
to  extricate. 

As  possibly  some  of  our  readers  may  not  be  fully  acquainted 
with  the  properties  of  oxygen  gas,  it  may  be  as  well  to  men- 
tion, for  the  removal  of  any  doubts  or  fears  they  may  entertain, 
that  there  is  not  the  slightest  danger  attending  any  part  of  the 
above  process  for  its  production.    The  gas  is  not  in  the  least 
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combustible  or  explosive,  either  separately  or  mixed,  -whether 
"with  common  air  or  with  any  of  the  gaseous  adulterations 
which  are  known  to  occur  either  by  accident  or  design. 
Finally,  the  raw  material  (the  black  oxide  of  manganese)  is 
perfectly  harmless ;  and  we  have  heard  of  no  inconvenience 
attending  the  operations  of  poimding,  sifting,  and  handling  it. 
The  residual  brown  oxide  obtained  when  the  retort  is  emptied 
is  also  similarly  inert. 

Fig.  267  exhibits  the  arrangement  for  the  preparation  of 
hydrogen  gas.  a  is  a  lead  or  thin  glass  bottle,  with  two  pipes 
made  of  glass  firmly  fixed  through  a  brass  cup  which  screws 
into  its  mouth.  This  bottle  is  filled  to  about  one-tbird  -with 
zinc  cuttings.  The  upright  pipe  b  ends  in  a  funnel,  to  aUow 
of  one  part  sulphuric  acid  and  six  parts  of  water  being  poured 
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Kg.  267. 

into  the  bottle  upon  the  zinc.  The  bent  one  permits  the 
passage  of  the  generated  hydrogen  gas,  and  is  provided  with  a 
union-joint  at  c,  to  connect  it  with  the  glass  bottle  d,  contain- 
ing water  for  its  purification. 

It  is  necessary  to  allow  all  the  common  air  included  in  the 
generator  and  purifier  to  escape  in  the  first  instance,  even 
though  some  hydrogen  be  lost  at  the  same  time,  previous  to 
receiving  the  gas  in  the  bag  n  r,  otherwise  an  explosive  mix- 
ture would  be  formed  in  it.  A  little  experience  wiU  soon 
enable  the  experimenter  to  form  a  correct  opinion  whether  all 
the  atmospheric  air  has  been  expelled,  and  whether  the 
hydrogen  is  passing  piu-ely  through  the  water  in  the  purifier. 
When  it  is  generated  at  a  proper  rate,  three  or  four  bubbles 
will  be  seen  to  issue  smartly  from  the  pipe  c  every  second,  and 
then  discharged  through  the  water  with  a  veiy  peculiar  soimd, 
not  loud  but  distinct,  and  unlike  any  other ;  arising  perhaps 
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from  their  great  levity,  being  11,000  times  lighter  than  the 
water  through  which  they  pass,  and  the  consequent  rapidity 
with  which  they  rise  to  the  surface. 


Pig,  268. — Interior  of  Lantern. 
Take  care  not  to  approach  the  purifier  or  the  open  union- 
joiat  with  a  lighted  candle,  while  the  mixture  of  air  and  gas 
is  passing  off,  for  being  together  lighter  than  the  atmosphere, 
it  would  ascend,  and,  if  it  come  in  contact  with  the  flame, 
!  readily  explode,  and  possibly  crack  the  glass  bottle ;  thereby, 
in  all  probability,  spilling  the  water  and  thus  deranging  and 
delaying  the  process,  as  well  as  wasting  the  hydrogen  gas  in 
\  progress  of  generation,  though  no  greater  mischief  would  be 
1  likely  to  happen.    In  most  cases  the  preparation  of  hydrogen 
gas  may  bo  dispensed  with,  as  the  ordinary  carburetted 
•  hydrogen  gas  supplied  by  the  gas  companies  to  the  house  will 
answer  the  purpose  very  well. 

Having  effectually  guarded  against  leakage  by  ascertaining 
the  completeness  of  all  the  union-joints,  the  next  step  is  to 
complete  the  blowpipe  arrangement  by  putting  a  lime-cylinder 
i  d  on  the  lime-holder ;  fig.  268  shows  the  arrangement  of  the 
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interior  of  the  lantern,  with  a,  g,  a  brass  box  attached,  con- 
taining a  small  piece  of  clock-TVork  motion  to  keep  the  lime- 
cylinder  revolving.  This  only  need  be  added  when  cost  is  no 
object. 

"WTien  you  have  perfectly  dried  the  lime  by  turning  on  the 
hydrogen -jet  alone,  you  may  introduce  the  oxygen  gas  iato  the 
centre  of  the  flame  by  gently  opening  the  stopcock.  Should 
you  do  this  suddenly,  you  will  extingoiish  the  flame  altogether. 
Wlien  the  oxygen  is  skilfully  and  patiently  admitted,  the 
compound  flame  will  produce  a  biilUant  glow  on  the  lime- 
cylinder  altogether  different  from,  and  vastly  superior  to,  the 
best  effect  produced  by  the  hydrogen-jet.  You  may  now 
attain  the  highest  intensity  of  Hght  by  holding  the  oxygen  and 
hydrogen  stopcocks  one  in  each  hand,  adjusting  nicely  the 
influx  of  both  gases,  and  watching  the  effect  on  the  Kme- 
cyHnder  through  a  piece  of  coloiired  eye-glass  in  the  side  of 
the  lantern,  if  the  naked  light  be  too  powerful  for  the  eye, 
until  by  gradually  increasing  or  diminishing  the  supply  of 
each,  you  arrive  experimentally  at  the  proper  proportions  of 
both.  An  excess  of  hydrogen  will  be  indicated  by  the  appear- 
ance of  a  reddish  flame  surrounding,  and  of  course  obscuring, 
the  glow  of  white  light  that  radiates  from  the  cylinder.  Addi- 
tional oxygen  avlU  remove  the  redness ;  but  an  excess  of  this 
gas  will  diminish  the  white  light,  and  if  the  proportion  be 
increased,  will  at  last  extinguish  it  altogether. 

The  first  point  in  the  management  of  the  lantern  is  to  obtain 
a  uniform  disc  of  light  on  the  whitewashed  wall,  or  on  a  white 
linen  or  calico  screen  hung  pei-pendicularly  against  it  for  the 
purpose.  "When  you  find  that  the  lime-cylinder  d  is  giving  out 
an  intense  steady  light,  place  the  low  magnifying  power  on 
the  end  of  the  tube,  shut  the  door  of  the  lantern,  and  exclude 
every  other  light  from  the  room  except  what  passes  through 
the  microscope  to  the  wall.  When  you  turn  your  eyes  towai'ds 
the  disc  produced  there,  you  will  perhaps  be  much  disappointed 
at  beholding  its  centre  only  lit  up,  and  darkness  radiating 
towards  the  circumference ;  or,  vice  versd,  the  centre  very  duU, 
and  a  scattered  illumination  towards  the  edge  of  the  circle. 
These  defects  are,  however,  easily  removed;  both  are  occa- 
sioned merely  by  the  want  of  adjustment  of  the  focal  distance 
between  the  lime-light  and  the  first  condensing  lens ;  and  both 
may  be  obviated  by  sliding  the  body  of  the  lantern  which  car- 
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ries  tlie  lens  (while  the  light  stands  fast)  to  and  fro  in  the 
groove  at  the  top  of  the  base-board,  imtil  the  proper  focal 
position  bo  attained,  when  the  disc  of  light  will  be  uniform 
throughout. 

This  being  accomplished,  you  may  proceed  to  put  the  appa- 
ratus to  work — to  illuminate  and  magnify  the  objects  prepared 
for  the  purpose.  These  are  generally  set  between  two  pieces 
of  glass  in  a  long  thin  mahogany  frame,  and  usually  consist  of 
the  wings  of  flies,  moths,  and  butterflies,  the  wings  and  wing- 
cases  of  beetles,  bugs,  locusts,  and  grasshoppers,  the  feathers 
of  birds,  the  cuttings  of  wood,  some  of  which  are  extremely 
beautiful,  the  scales  of  fishes,  the  petals  and  leaves  of  plants, 
the  branches  of  mosses,  ikc.  The  family  of  ferns  furnish  a 
numerous  and  very  interesting  class  of  objects,  a  specimen  of 


Fig.  2G9. 


392 


OPTICS. 


whicli  is  shown  in  fig.  269,  and  is  well  seen  with  a  low  mag- 
nifying power. 

A  large  class  of  objects  may  be  obtained  amongst  the  tem- 
porary inhabitants  of  the  waters,  the  larvce  of  various  libel- 
lulse,  and  gnats.  The  exuviae  or  cast-  off  skins  of  spiders,  cater- 
pillars, and  other  insects  that  undergo  metamorphoses,  also 
form  interesting  objects  for  examination.  The  various  dissec- 
tions of  the  tracheae  and  bronchia  of  caterpillars  present  very 
curious  and  beautiful  objects. 

Fig.  270  represents  the  perfect  form  of  a  very  interesting 
aquatic  insect,  the  Nopa,  or  water-scorpion. 


Fig.  270. 

The  decomposition  of  water  by  chemical  action  presents  a  , 
very  curious  appearance  under  the  gas  microscope,  fig.  271. 
This  exhibition  is  effected  by  the  adaptation  of  a  glass  trough 
to  the  microscope  (to  be  introduced  horizontally  in  the  manner 
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of  a  slider),  containing  dilute  sulphuric  acid  (similar  to  that 
employed  in  the  preparation  of  hydrogen  gas),  and  dropping 
into  it  a  few  pieces  of  fresh  broken  zinc.  Decomposition  of 
the  water  instantly  commences.  Its  oxygen  gas  combines 
unperceived  with  the  zinc,  which  then  dissolves  gradually  in 
the  sulphuric  acid;  while  the  hydi'ogen  gas  set  free  at  the 
same  instant  rapidly  rises  in  bubbles  thi'ough  the  liquid  and. 
escapes  at  the  surface.  These  bubbles,  magnified,  present  a 
most  extraordinary  appearance,  forming  a  series  of  whitish 
luminous  globules  descending  in  the  fluid  (for  every  thing 
appears  reversed  in  the  microscopic  exhibitions)  from  an 
opake  surface,  and  swelling  enormously  as  they  struggle  to 
the  surface  under  the  expansive  powers  of  heat,  combination, 
and  lessening  pressure. 
A  beautiful  series  of  objects  may  be  shown  by  the  crystal- 
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lization  of  various  salts  from  chemical  solution;  or  we  may 
turn  to  the  vast  field  of  animalcule  life  presented  in  a  single 
drop  of  standing  water,  for  subjects  of  wonder  and  admiration. 
If  we  take  a  little  sour  paste  diluted  with  water,  and  place  a 
drop  of  the  mixture  on  a  single  glass  slider,  and  introduce  it  in 
the  same  way  into  the  microscope,  we  shall  find  an  object  of 
singular  interest  presented  to  our  view  on  the  illuminated  disc : 
tens  of  thousands  of  li^dng  animalcules,  resembling  eels,  are 
seen  struggling  and  twining  in  masses  so  densely  congregated, 
that  it  appears  as  if  they  alone  constituted  the  paste.  Their 
numbers  defy  aU  attempts  at  calculation  while  they  are  free  to 
move  ;  but  as  the  water  evaporates  under  the  influence  of  the 
transmitted  heat,  these  agitated  masses  are  seen  to  grow  gradu- 
ally more  and  more  quiescent,  until  at  last  they  lie  motionless, 
rigid,  and  dead.  Then  some  estimate  may  be  formed  of  their 
numbers,  and  it  wiU  probably  be  found  that  the  di'op  con- 
tained miUions.  The  vast  field  of  observation  and  inquiry 
which  such  a  sight  opens  to  the  zoologist  and  naturalist  is  too 
obvious  to  requii'e  comment. 

It  will  be  necessary  to  give  some  information  respecting  the 
discs  employed  by  exhibitors.  They  are  of  different  sorts  ; 
fixed  or  roUing,  opake  or  semi-transparent.  The  best  is  the 
fixed  opake,  for  then  no  light  is  lost  by  passing  through  ;  and 
all  that  is  necessary  to  fonn  one,  is  to  whiten  the  side  of  a 
room  like  a  ceiling.  If  the  room  be  papered  with  a  raised 
flock  pattern,  it  Avill  be  necessary,  prior  to  colouring,  to  rub  it 
down  with  pumice-stone,  so  as  to  reduce  the  inequalities.  The 
white  paint  used  must  be  a  distemper,  not  an  oil-colour,  as 
there  must  be  no  gloss  apparent.  If  a  cii'cle  be  struck,  and 
all  outside  it  blackened,  the  effect  in  many  situations  will  be 
rather  ornamental  than  otherwise.  Mechanics'  institutions, 
school-rooms,  and  scientific  lectiu-e  rooms,  have  generally 
white-washed  walls,  and  no  expense  need  be  incurred  in  such 
cases,  as  nothing  can  answer  better;  nor  is  it  necessary  to 
blacken  the  circumference  of  a  disc.  Indeed,  where  the  apart- 
ment is  small,  it  is  a  decided  disadvantage ;  for  should  the 
room  be  fourteen  feet  long  and  only  eight  feet  high,  a  disc  cir- 
cumscribed by  a  black  exterior  would  only  show  an  object  eight 
feet  long  ;  but  should  the  object  be  a  long  narrow  one,  it  would 
be  desirable  to  show  it  from  one  end  of  the  wall  to  the  other. 

The  magic  lantern  somewhat  resembles  the  gas  microscope 
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in  appearance,  and  may  be  made  so  in  arrangement,  althougli 

a  cteaper  kind  is  formed  of  tin,  having  a  chimney  to  carry  oft" 
;  the  smoke  from  a  common  oil-lamp. 
.  At  the  back  is  placed  a  concaVie  re- 
flector 0  (fig.  272),  which  reflects  the 

light  to  the  plano-convex  lens  m. 
-  Prom  this  it  proceeds  to  a  transpa- 
r  rent  painting  on  glass  s,  fixed  in  a 
^  slide,  so  as  to  be  moveable :  it  is 
:  placed  in  an  inverted  position.  From 
;  this  sHde  the  light  passes  to  another 

lens  L,  which  is  convex,  and  fixed  in 

a  sliding  tube,  to  enable  it  to  be 

brought  to  the  requisite  distance  or 

focus  on  a  screen  in  a  dark  room  ;  a 

large  erect  image  of  the  design  on  the 

glass  is  seen  painted  on  the  opposite 

waU. 

No  pubHc  exhibition  ever  excited 
more  sensation  than  that  of  the  Phan- 
tasmagoria ;  by  the  representation  of 
terrific  figures,  which  seem  to  ap- 
proach the  audience  from  an  amazing 
distance,  and  then  recede  again,  rise 
to  the  ceiling, and  then  descend  to  the 
floor.  This  optical  illusion  is  nothing 
more  than  a  magic  lantern,  having 
all  the  glass  opake,  excepting  the 
figure,  which  is  painted  in  transpa- 
rent colours.  Thus  no  light  can  fall 
upon  the  screen,  except  what  passes 
through  the  figure  itself.  The  screen 
nbeing  placed  in  front  of  the  audience.  Fig.  272. 

while  the  operator  is  on  the  opposite  side,  with  the  lantern 
.'fixed  on  a  table  that  can  be  silently  moved  backward  and 
forward,  the  figures  appear  to  advance  and  retire.  The  size  of 
the  images  increase  when  the  lantern  is  carried  back,  because 
the  rays  come  in  the  form  of  a  cone ;  and  as  no  part  of  the 
screen  can  be  seen,  the  figure  appears  to  be  formed  in  the  air, 
_and  to  move  further  off  when  it  becomes  smaller,  and  to 
>ipproach  as  it  increases  in  size. 
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The  beautiful  optical  representations  called  dissolving  views 
are  effected  by  having  two  magic  lanterns  at  an  equal  distance, 
both  of  the  same  focus ;  and  while  the  view  of  one  is  being 
withdrawn,  the  other  is  emerging  forth,  realizing  almost  the 
imaginary  tales  of  the  powers  of  magic  and  of  fairies. 

The  Camera  Lucida. 

The  Camera  Lucida  was  invented  by  Dr.  Wollaston  in  1807, 
and  consists  of  a  four-sided  prism  of  glass  set  in  a  brass  frame 


Fig.  273.— The  Camera  Lucida. 
or  case.    It  is  screwed  on  to  a  table,  being  supported  about  six 
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or  eight  inches  from  the  surface  by  a  sliding  tube  to  suit  the 
sight  or  position  of  the  object.  The  rays  from  the  object 
passing  through  the  glass,  are  reflected  from  the  lower  and 
back  surface  of  the  prism  to  the  eye ;  and  in  the  same  direc- 
tion as  the  last  ray,  the  table  or  paper  placed  to  receive  it  is 

V  visible,  and  the  image  therefore  faintly  delineated ;  and  as  the 
point  of  the  pencil  is  also  visible,  the  image  may  be  traced  on 
the  paper.    A  piece  of  brass  having  a  small  hole  is  fixed  on 

t  the  top,  and  used  as  a  sight-hole  to  keep  the  eye  to  one  point. 

Besides  the  valuable  assistance  rendered  to  the  draughtsman 
\\  by  this  instrument,  its  application  to  di-awing  objects  from  the 
I:  microscope,  or  increasing  the  size  of  an  object  already  drawn, 
\-  for  the  purpose  of  showing  an  enlarged  view  or  diagram  for 
j-.  the  lecture-room,  may  be  eff'ected  in  the  following  manner. 
1  Place  the  tracing  m  I  (fig.  273),  made  from  the  microscope  by 
t  the  camera  as  an  object  for  another  camera  c ;  this  being 
t  fastened  to  the  table  d  by  the  screw  a  b,  and  the  object  m  I  set 

V  up  in  front  of  it,  an  accurate  outline  on  a  larger  scale  m'  I'  can 
the  made  on  the  floor  or  table  placed  four  feet  below  the  upright 
p  picture,  this  being  the  utmost  limit  of  space  between  c  and  Jc 
t  to  allow  of  the  pencil  being  used  with  advantage.  The  pencil 
Ih,  with  a  long  handle/,  being  held  by  the  hand  g,  the  artist 
sstanding  either  in  front  or  on  one  side  of  the  camera,  and 
i  applying  his  eye  as  at  e,  may  proceed  to  make  an  accurate 
idrawing  of  the  object. 

To  the  microscope  it  is  a  vahiable  addition,  and  is  employed 
/to  make  drawings  of  the  wonders  revealed,  without  having  to 
unove  the  eye  and  trust  to  the  fidehty  of  the  memory  and  ac- 
icuracy  of  the  pencil. 

Photography. 

Time  was  when  it  would  have  gone  hard  with  any  one  who 
bhowed  pictures  of  men  and  scenes  that  neither  pencil,  brush, 
iiQor  hand  had  touched ;  and  if,  in  defence,  it  had  been  asserted 
what  the  sun  itself  had  traced  them,  the  tortures  of  the  rack 
wwould  have  been  had  in  reqmsition  to  force  the  inventor  to 
■confess  himself  a  wizard,  and  to  teU  his  terms  of  compact 
•mth  the  devil ;  even  in  our  own  time,  though  we  have  passed 
■from  demonism,  there  is  a  lingering  tendency  to  set  down 
»hosc  who  go  exploring  beyond  the  bounds  of  knowledge  as 
■madmen.    Almost  any  one  can  find  instances ;  but  we  are 
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content  to  mention  one  which  has  connexion  with  our  present 
subject.  At  the  close  of  a  lectm-e  by  M,  Dumas,  the  well- 
known  Prench  chemist,  a  lady  came  to  him  in  the  lecture- 
room  ;  she  had  a  question  of  great  moment  to  ask  him,  "  Did 
he  think  it  possible  that  the  pictiu-es  seen  in  a  camera  could 
be  caught  and  made  permanent?" — she  was  anxious  to  Imow 
what  he,  a  man  of  science,  thought  on  the  subject.  Her 
husband  had  been  seized  by  the  idea  that  he  could  fix  these 
pictures ;  day  and  night  he  was  haunted  by  the  thought ;  she 
feared  he  might  be  mad.  But  if  a  philosopher  Hke  M.  Dumas 
thought  there  was  any  probability  in  the  notion,  it  would  give 
her  the  belief  that  her  husband  might  still  be  in  his  senses. 
Dumas  assiu'cd  her  that,  though  he  saw  no  way  to  fix  the 
pictures,  enough  was  known  to  prevent  him  from  saying  it  was 
impossible,  and  to  make  it  matter  worthy  of  inquiry.  The 
lady's  husband  was  Daguerre  the  painter ;  and  some  ten  years 
after  this  conversation  with  Dumas,  he  had  solved  his  problem, 
and  taught  the  world  the  art  which  bears  his  name. 

Mr.  Wedgwood,  the  celebrated  porcelain  manufacturer, 
published  the  first  account  ia  1802  of  a  method  of  '  Copying 
Paintings  upon  Glass,  and  of  making  Profiles  by  the  agency  of 
Light  upon  Nitrate  of  Silver.'  He  was  assisted  by  Sir 
Humphry  Davy,  but  both  failed  to  fix  the  images ;  and  the 
process  was  abandoned,  until  the  successful  experiments  of 
Nicpce  and  Daguerre  witli  the  prepared  smiaees  of  bitumen, 
resin,  and  essential  oil  of  lavender,  induced  them  to  tiy  other 
substances ;  and  eventually  they  were  rewarded  by  the  dis- 
covery of  the  action  of  hght  upon  the  iodide  of  silver,  and  the 
subsequent  fixing  of  the  image  upon  a  silver  plate.  Mr.  Pox 
Talbot  also,  about  the  same  time,  hit  upon  a  method  of  fixing 
the  images  xipou  paper  prepared  with  a  solution  of  nitrate  of 
silver ;  this  he  effected  with  common  salt,  and  afterwards  the 
same  salt  as  Daguerre  employed  with  his  silver  j)late,  viz. 
hyposulphite  of  soda. 

The  year  1839  gave  bii'th  to  tliis,  and  also  the  electrotype 
process ;  two  of  the  most  extraordinary  discoveries  of  human 
ingenuity',  which,  from  the  similarity  of  their  results,  may  be 
called  sister  arts,  both  acting  under  two  of  the  most  mysterious 
agents  of  Nature's  wonderful  works — the  one  under  the  influ- 
ence of  light,  the  other  under  that  of  electricity :  in  the  fii"st, 
light  draws;  in  the  latter,  electricity  models.    With  the 
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original  process  it  was  considered  impossible  to  apply  it  to 
portraiture ;  for  with  iodine  alone  and  the  long  foci  of  lenses 
employed  at  first,  no  picture  could  be  taken  in  less  time  than 
from  fifteen  to  thirty  minutes.  As  the  correctness  of  a  portrait 
produced  by  this  art  depends  upon  perfect  immobility  during 
the  whole  of  the  sitting,  the  bare  idea  of  such  an  application 
of  photography  was  thought  altogether  absurd. 

It  was,  however,  soon  found,  that  by  constructing  object- 
glaisses  with  shorter  foci,  the  operation  could  be  reduced  nearly 
in  proportion  to  the  reduction  of  the  length  of  the  focus  ;  so 
that,  by  making  use  of  an  object-glass  of  three  inches  focus 
J  instead  of  twelve,  the  operation  is  shortened  by  four  times, 
;  and  thus  portraits  are  able  to  be  taken. 

Within  the  last  two  years  more  wonderful  results  have  been 
I  obtained  by.  using  prepared  sui-faces  of  collodion,  or  gun-cotton 
i  and  the  white  of  egg ;  so  that  at  the  present  time  a  degree  of 
]  perfection  is  obtained,  that  has  elevated  the  discovery  into  one 
i  of  the  most  elegant  and  profitable  scientific  pursuits. 

It  is  not  quite  tnie  to  assert  that  these  pictures  are  produced 
s  simply  by  liyJit,  they  are  the  efi'6cts  of  the  boundless  power  of 
r  natural  chemistiy ;  for  in  proof  that  it  is  not  light  in  itself 
V  which  executes  these  works,  it  may  be  observed,  that  if  a  piece 
J  of  paper  be  rendered  sensitive  and  placed  under  a  glass  globe 
j  of  the  darkest  possible  blue  through  which  the  sun's  rays  can 
(■scarcely  permeate,  the  paper  loses  in  a  few  seconds  all  its 
I  sensibility.    On  the  other  hand,  if  the  same  paper  be  placed 
1  under  a  similar  globe,  but  coloured  of  the  faintest  yellow,  its 
capability  of  receiving  an  image  thereafter  is  uninjured.    It  is 
•evident,  therefore,  that  it  is  not  lir/ht  alone  which  produces 
ithese  results — it  is  some  agency  dwelling  in  Hght  in  the  same 
unanner  as  electricity  dwells  in  the  atmosphere,  and  produces 
(Consequences  irrespective  thereof.    This  agency  or  qualitj''  of 
dight,  which  philosophers  know  nothing  of,  they  have  termed 
Hihe  actinic  power  of  light. 

■  We  now  proceed  to  describe,  as  briefly  as  possible,  some 
^few  of  the  processes  employed  in  the  science  of  photography. 

■  Positive  and  negative  'pictures. — If  we  take  a  piece  of  paper 
Blind  wa.sh  it  over  -s\T.th  a  solution  of  nitrate  of  silver,  and  allow 

■  t  to  dry  in  the  dark,  no  change  takes  place  in  its  appearance. 
RChe  instant,  however,  that  wo  expose  it  to  the  light,  it  darkens 
■Ikll  over ;  but  if,  instead  of  exposing  it  wliolly,  a  portion  of 
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the  paper  be  covered,  say  with  the  leaf  of  a  plant  or  a  piece  of 
lace,  it  is  obvious  that  those  parts  which  are  shielded  from  the 
light  wiU  remain  unchanged,  whilst  those  which  are  exposed 
to  it  will  become  black.  We  shall  thus  have  deUneated  on 
the  paper  the  fac-simile  of  the  leaf  or  lace  which  will  appear 
white  on  a  black  ground.  This  is  what  is  technically  termed 
a  negative  picture.  Having  got  this  negative,  it  is  clear  that 
if  we  make  use  of  it  in  the  same  manner  as  we  did  the  leaf  or 
lace,  by  placing  it  on  another  piece  of  prepared  paper,  and 
then  expose  it  to  the  light  (the  negative  having  first  gone 
thi'ough  a  process  which  prevents  all  further  action  of  light 
upon  it),  we  shall  get  the  reverse  of  the  negative,  and  this  is 
technically  termed  o.  positive  picture.  By  means  of  the  camei'a 
obscura  (fig.  277)  negative  pictm-es  are  delineated  on  sheets  of 
glass  or  waxed  paper,  and  then  positives  are  obtaiued  therefrom. 
The  process  of  taking  the  positive  from  the  negative  is  termed 
printing,  and  there  is  no  limit  to  the  number  of  positive- 
which  may  be  taken  from  one  negative. 

Talhotype  or  Calotype. — It  was  found  that  the  simple  wash 
of  nitrate  of  silver  did  not  render  the  paper  sufiiciently  sensi- 
tive to  be  acted  upon  ia  the  camera  obscura ;  Mr.  Fex  Talbot, 
however,  discovered  the  method  whereby  this  might  be  effected 
with  extreme  rajjidity.  The  surface  of  the  paper  is  covered 
evenly  with  iodide  of  sUver,  and  when  dry,  a  solution  of  nitrate 
of  silver  holding  a  small  quantity  of  acetic  and  gallic  acid  is 
applied  to  the  same  side  of  the  paper  which  has  been  iodized ; 
the  paper  then  becomes  extremely  sensitive  to  the  action  of 
light.  On  being  taken  from  the  camera  in  which  it  has  been 
exposed  for  a  few  minutes,  scarcely  any  trace  of  an  image  is  to 
be  seen — the  picture  is  made  to  appear,  or  as  it  is  termed  to 
develope,  by  again  washing  it  with  the  gallo -nitrate  solution. 
After  this  it  is  plunged  into  water  and  well- washed,  and  then 
fixed  or  rendered  indehble  by  immersing  it  in  a  solution  of 
hyposulphite  of  soda. 

Waxed-paper  process, — This  is  perhaps  the  method  which 
photographers  chiefly  employ,  because  in  printing  from  nq 
tives  thus  produced,  the  transparency  of  the  paper  readi 
allows  the  light  to  pass  through  it,  and  hence  the  positive 
paper  beneath  it  is  more  sharply  and  brilliantly  darkened.  It 
also  possesses  the  great  desideratum  of  aUowong  the  paper  to 
be  kept  longer  without  injury  after  being  made  sensitive.  The 
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paper  is  in  the  first  instance  saturated  with  white  wax,  and 
then  held  before  the  fire  or  heated  between  folds  of  blotting- 
paper,  by  means  of  a  hot  smoothing  iron,  until  all  the  excess 
of  wax  is  carried  off,  when  it  assumes  a  vellum-like  appear- 
ance.   In  this  state  the  paper  is  iodized  and  rendered  sensi- 

!  tive  by  a  similar  process  to  that  pursued  in  the  calotype — ^it  is 

;  then  ready  for  the  camera. 

The  Collodion  process. — If  common  cotton  wool  or  flax  be 

-  steeped  in  a  mixture  of  nitric  and  sulphimc  acid^,  and  affcer- 
wards  washed  and  dried,  it  becomes  very  explosive,  and  has 
received  in  consequence  the  name  of  gun-cotton.    If  a  portion 

0  of  the  cotton  or  flax  thus  prepared  be  placed  in  sulphuric  ether, 
;■  it  readily  dissolves,  forming  a  thick  volatile  mucilage,  which 

1  is  called  collodion.  The  way  in  which  it  is  employed  in 
p  photography  is  as  follows.  A  small  quantity  of  the  iodide  of 
[>  potassium  ha\dng  been  added  to  the  collodion,  it  is  poured  over 
;  a  sheet  of  plate  glass ;  the  ether  evaporates,  leaving  a  thin 
ifilm  of  collodion  (holding  iodide  of  potassium)  on  the  glass. 
[The  glass  is  next'plunged  into  a  solution  of  nitrate  of  silver, 
tand  in  a  few  seconds  an  iodide  of  silver  is  formed  upon  the 
■collodion ;  it  is  now  highly  susceptible  to  the  action  of  light. 

f  On  placing  it  in  the  camera  in  its  wet  state,  the  collodion  side 
vbeing  nearest  to  the  lens,  an  image  is  very  quickly  formed 

thereon ;  when  taken  from  the  camera,  a  solution  of  proto- 
aeolphate  of  iron  is  poured  upon  it ;  instantly  the  image,  which 
(■was  before  invisible,  is  developed.  It  is  then  washed,  and  the 
)picture  is  fixed  by  passing  over  it  a  solution  of  cyanide  of 
•  potassium  or  of  hyposulphite  of  soda.  As  the  film  of  collodion 
■is  extremely  delicate  and  easily  abraded,  it  must  be  protected 

by  a  coating  of  some  transparent  vaniish. 

TJie  Albumen  process. — This  process,  which  was  practised 

•before  that  by  means  of  coUodion,  is  similar  thereto.  The 

Ikshcet  of  glass  is  coated  with  a  film  of  albumen  (white  of  egg) 
•which  has  been  iodized  as  the  collodion  was,  and  the  sensitive 
quality  is  given  thereto  in  the  same  manner.  Tliis  process, 
loroduces  extremely  beautiful  results,  and  the  aerial  effect  of 
liistance  is  perhaps  better  obtained  by  it  than  by  any  other. 
IMj*.  Fox  Talbot  has  discovered  a  method  of  operating  with 
ilbnmen  which,  from  its  rapidity  of  action,  he  has  termed 
'  the  instantaneous  proccKs."  Ey  this  method  an  image  was 
bbtaincd  of  a  printed  handbill  made  to  revolve  rapidly  on  a 
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wheel  and  lighted  up  diu-ing  a  fraction  of  a  second  by  a 
powerful  electrical  discharge. 

Fhotograjthic  enc/ravhif/. — Photographic  engravings  may  be 
executed  on  steel  plates.  The  steel  plate  is  coated  with  a 
solution  of  gelatine,  and  afterwards  with  one  of  bichromate  of 
potash  which  possesses  photographic  qualities.  "^Mien  these 
solutions  have  dried  upon  the  plate,  it  is  ready  to  receive  a 
photographic  imago.  Let  a  piece  of  black  lace  or  the  leaf  of 
a  plant  be  applied  closely  to  the  surface  of  the  plate  in  a 
photograpliic  printing  frame,  and  then  exposed  to  the  action 
of  light,  a  yellow  image  of  the  object  will  be  found  impressed 
upon  a  brown  ground.  The  plate  is  then  immersed  in  cold 
water,  which  dissolves  the  film  of  bichromate  and  gelatine 
from  all  the  parts  which  have  not  been  exposed  to  the  sun's 
rays,  thus  leaving  the  photographic  image  quite  visible.  This 
image  is  then  etclicd  into  the  plate  by  pouring  upon  it  a  strong 
solution  of  bichloride  of  platinum.  With  other  objects  a 
negative  photograph  may  be  taken  by  means  of  the  camera,  a 
positive  is  then  i)roduced  on  glass  or  waxed  paper,  and  this  is 
then  placed  in  contact  with  the  plate  in  the  same  way  as  the 
leaf  or  lace  above  described. 

Phoio-lithoc/mph'i/. — The  ajjplication  of  photography  to  the 
lithographic  stone  is  quite  a  recent  discovery.  The  stone  being 
prepared  in  the  usual  Avay,  it  is  imbued  with  a  weak  solution 
of  scsquioxide  of  iron  ;  it  is  then  placed  in  the  camera  in  a 
moist  but  not  a  wot  state ;  and  after  being  exposed  a  sufficient 
time,  the  image  appears  of  a  brownish  colour :  the  picture  is 
still  more  developed  and  fixed  by  means  of  a  solution  of 
carbonate  of  ammonia.  The  stone  is  then  floated  with  water 
to  wash  away  the  soluble  salts.  This  impression  can  be  made 
to  print  by  etching  the  stone  with  diluted  oxalic  acid,  and 
then  proceechng  Avith  the  usual  lithographic  process.  By 
means  of  glass  or  wax-paper  negative  jDhotographic  positives 
may  be  printed  from  the  stone.  The  stone  is  covered  with 
asphaltum  dissolved  in  etherial  oil ;  the  negative  is  then 
brought  in  close  contact  with  it  and  exposed  to  the  light. 
The  resinous  coating  loses  its  coherence  in  the  parts  corre- 
sponding to  the  lights  of  the  negative.  Upon  blackening  the 
stone  Avith  lithographic  ink,  the  ink  adheres  to  the  stone  in 
the  denuded  parts  only.  The  sui-face  is  then  treated  with  au 
acid  which  decomposes  the  soap,  s^jrcading  a  fatty  layer  over 
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the  entire  surfiice  of  the  stone.  The  stone  is  then  washed 
with  alcohol,  which  hreaks  up  the  resinous  coating,  removing- 
it  and  the  fatty  layer  thereon,  but  the  previously  denuded 
portions  remain  intact.  The  stone  is  then  etched  and  printed 
in  the  usual  way. 

Photo-galvanograj)Mc  procesx. — A  plate  of  glass  is  thoroughly 
well  cleaned,  a  quantity  of  glue  is  dissolved,  and  three  dif- 
ferent solutions  made,  which  we  will  number  respectively — 
1,  Nitrate  of  silver ;  2,  Iodide  of  potassium ;  3,  Bichro- 
mate of  potash :  to  each  of  these  some  of  the  glue  is  added ; 
the  largest  portion  to  the  solution  No.  3,  then  No.  1  is  added 
to  No.  3,  and  both  solutions  mixed  together ;  the  previous 
yellow  solution  becomes  a  fine  red,  from  the  formation  of  the 
chromate  of  silver,  which  is  held  in  suspension.  Solution  No.  2 
is  now  added  to  the  mixture  of  1  and  3  ;  the  mixture  loses 
colour  slightly,  but  it  still  remains  a  fine  red  colour.  This 
mixture,  which  involves  some  veiy  ciirious  chemical  pheno- 
mena, is  poured  over  a  glass  plate,  and  by  careful  manipula- 
tion a  perfectly  uniform  film  of  a  red  colour  is  produced ;  this 
part  of  the  process  is  performed  in  a  room  illuminated  with 
yellow  light,  and  maintained  at  a  tolerably  high  temperature. 
When  solidified,  the  plate  is  fit  for  use ;  a  photogro.phic  view, 
a  portrait,  or  an  ordinary  engra\dng  is  placed  upon  the  gelatine 
tablet,  this  arrangement  is  fixed  in  a  frame,  and  duly  exposed 
to  the  solar  rays.  In  the  course  of  a  short  time  all  the  exposed 
parts  blacken  to  a  brown,  and  the  lines  beneath  the  superposed 
photograph  or  print  are  darkened  or  preserved  from  change, 
OS  the  case  may  be,  until  a  copy  of  the  original  is  obtained 
inverted.  AU  the  dark  lines,  or  portions  of  a  print  or  of  a 
;  photograph,  remain  unchanged.  All  the  light  lines  or  portions 
(  darken,  the  degree  of  darkening  being  determined  by  the  rela- 
tive transparency  of  the  several  parts. 

The  glass  plate  is,  at  the  proper  time,  taken  from  the 
c  copying  frame  and  plunged  into  water.    The  picture  is  now 
\  perceived  to  be  gradually  developing  itself  with  extraordinary 
!  beauty.    All  the  unchanged  portions  of  the  plate  are  rapidly 
dissolved  off",  and  subsequently  the  picture  is  produced,  not 
merely  by  diff'erenccs  in  the  colour  of  the  surface,  but  by  varia- 
tions in  the  thickness,  corresponding  with  the  amount  of  actinic 
action  which  has  taken  place  during  the  exposure  of  the  plate. 
When  the  proper  effect  is  obtained  the  process  is  stoi>pod, 
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the  surface  dried  off  with  blotting-paper,  and  the  plate  pre- 
served for  the  subsequent  manipulation.  It  will  be  under- 
stood that  the  chromic  acid  of  the  bichromate  of  potash,  at  the 
moment  of  separation  from  that  salt,  when  the  actinic  change 
is  effected,  combines  with  the  gelatine  and  renders  it  insoluble. 
Hence  in  the  picture  we  have  several  thicknesses  of  gelatine 
films,  representing  the  high  h'ghts,  the  middle  tones,  and  the 
deep  shadows  with  all  the  beautiful  gradations  between  these 
which  are  obtained  in  a  highly  finished  coUodion  photograph. 

This  constitutes  the  photographic  part  of  the  process,  the 
remainder  of  the  maniprdations  being  the  preparation  for,  and 
carrying  out  of.  the  electro-chemical  preparation  of  the  copper 
plate  from  which  the  photogalvanogTaphs  are  to  be  printed. 
The  photograph  being  placed  on  a  firm  bed,  a  sheet  of  elastic 
gutta  percha  is  spread  over  it,  and  it  is  sxibjected  to  some 
pressure ;  this  receives  a  very  perfect  impression  of  the 
picture,  all  the  lines,  however  delicate,  being  faithfully  pre- 
served: when  this  has  liardened,  its  surface  is  prepared  so 
as  to  render  it  conducting,  and  is  then  subjected  to  the  ordi- 
nary electrotype  process,  being  placed  in  a  cell  filled  with 
sulphate  of  copper,  and  connected  with  a  plate  of  zinc,  in  a 
porous  cell  excited  with  dilute  sulphuric  acid.  Thus  a  sheet 
of  fine  copper  is  precipitated  upon  the  mould,  and  a  plate,  the 
reverse  of  the  mould,  is  obtained.  It  will  be  evident  that  we 
are  thus  enabled  to  obtain  either  a  raised  image  or  an  engraved 
impression.  At  present,  the  processes  for  printing  the  plates 
in  relief  are  not  quite  perfect,  but  the  prints  taken  from  the 
engraved  plates  are  in  a  very  perfect  condition  ;  in  these,  for 
the  first  time,  we  see  all  the  minute  details  represented, 
with  the  half-tones  as  finely  given  as  the  high  hghts  or  th& 
shadows. 

Dariuerreotype process. — This  process  consists  in  renderings 
silvered  plate  sensitive  to  the  action  of  light  by  exposing  it  to 
the  fumes  of  iodine.  On  removing  it  from  the  camera,  the 
pictm-e  is  developed  by  means  of  heated  mercury,  and  fixed  by 
plunging  it  into  a  weak  solution  of  hyposulphite  of  soda. 
Daguerreotypes  are  aU  positive  pictures. 

The  polishing  of  the  silver  plate,  after  cleaning  with  a  weak 
solution  of  acid  and  water,  is  effected  by  the  aid  of  charcoal 
powder  and  a  buff,  consisting  of  a  piece  of  wood  covered  witt 
cotton  velvet  represented  in  fig.  274;  coating  the  surface,  by 
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exposing  the  plate  over  a  glass  pan  containing  iodine  for  a  few 
minutes,  as  reijresented  in  fig.  275,  whicli  is  so  contrived  that 


Pig.  274. 

it  can  be  slid  from  the  iodine  vapour  to  the  next  containing 
bromine.  The  plate 
is  then  placed  in  a 
small  dark  slide  (fig. 
276),  carefully  se- 
cluded, and  exposed 
in  a  camera  (fig.  277) 
to  the  action  of  light ; 
the  camera-box  is 
made  of  deal  or  ma- 
hogany, about  twelve 
inches  or  more  in 


Fig.  276. 
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length,  -with  a  meniscus  lens,  or  a  set  of  achromatic  lenses. 
Here  we  must  direct  the  student's  attention  to  Avhat  has  been 
stated  with  regard  to  the  action  of  light  as  it  ])asses  through 
lenses,  as  wcU  as  to  the  composition  of  light,  viz.  that  all  the 
colours  which  form  a  ray  of  white  light  are  not  equally  rc- 
rfracted  by  lenses,  and  consequently  cannot  moot  at  the  same 
'  focus  and  form  a  white  ray  ;  and  not  only  docs  this  fact  explain 
ithe  colouring  of  the  image,  but  also  the  want  of  sharpness  and 
•clearness  in  those  parts  of  a  picture  farthest  from  the  centre, 
or  point  of  focus.  The  following  example  will  perhaps  render 
e  foregoing  more  easy  to  bo  understood. 
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If  LL  (fig.  278)  be  a  double-convex  lens,  and  rl,  el  par- 
allel rays  of  white  light,  composed  of  the  many- coloured  rays, 
each  having  a  different  index  of  refraction,  they  cannot  be 
refracted  to  one  and  the  same  point — the  red  rays  being  the 
least  refrangible  to  v ;  the  distance  v  r  constitutes  the  chro- 


Fif?.  278. 

matic  aberration,  and  the  circle,  of  which  the  diameter  is  ab, 
the  place  or  point  of  mean  refraction,  and  is  called  the  circle 
of  least  aberration.  If  the  I'ays  of  the  sun  are  refracted  by 
means  of  a  lens,  and  the  image  received  on  a  screen  placed 
between  c  and  o,  so  as  to  cut  the  cone  l  a  b  x,  a  luminous  circle 
will  bo  formed  on  the  paper,  only  surroTinded  by  a  red  border, 
because  it  is  produced  by  a  section  of  the  cone  l  a  b  l,  of  which 
the  external  rays  l  a,  L  b  are  red ;  if  the  screen  be  moved  to 
the  other  side  of  o,  the  himinoxis  circle  will  be  bordered  with 
violet,  because  it  will  be  a  section  of  the  cone  si  a  .m  b,  of  which 
the  exterior  rays  are  violet.  To  avoid  the  influence  of  sphe- 
rical aberration,  and  to  render  the  phenomena  of  coloration 
more  evident,  let  an  opake  disc  be  placed  over  the  central 
portion  of  the  lens,  so  as  to  allow  those  rays  only  to  pass  which 
are  at  the  edge  of  the  glass :  a  ^-iolet  image  of  the  sun  wiU  be 
seen  at  v ;  red  at  r ;  and,  finally,  images  of  aU  the  colours  of 
the  spectmm  in  the  intermediate  space;  consequently  the 
general  image  will  not  only  be  diffused,  but  clothed  with 
prismatic  colours.  Opticians  have  bestowed  much  care  in  the 
correction  of  this  and  other  imperfections;  the  result  is 
that  lenses  are  now  constructed  nearly  free  from  such  defects. 

A  good  lens  being  obtained,  it  is  placed  in  a  tube  at  one  end 
of  a  box,  with  the  necessary  adjustments,  and  the  instiniment 
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is  complete.  The  most  simply  constructed  box  is  that  shown  in 
fig.  277,  where  the  lens  is  placed  in  one  box  which  sUdcs  into 
another,  so  that  by  moving  the  box  baclcward  or  forward,  we 
may  secnre  the  correct  adjustment  of  the  focus,  which  is  de- 
termined by  the  distinctiiess  of  the  image  seen  upon  a  plate  of 
ground  glass  placed  at  the  extreme  end  of  the  outer  box.  The 
ground  glass  at  the  end  of  the  outer  box  should  be  fixed  in  a 
frame  which  faUs  into  a  groove,  so  as  to  be  easily  removed  or 
put  in  its  place.  Some  frames,  as  fig.  276,  should  be  made 
which  fit  exactly  into  the  space  occupied  by  the  gi-otind  glass ; 
60  that,  when  a  frame  is  put  in  its  place,  and  the  shutter 
drasvn  up,  the  prepared  paper  or  plate  coincides  in  situation 


with  the  place  occupied  by  the  ground 


glass 


previously. 


Several  of  these  frames  may  very  easily  be  made  to  fit  into  the 
box,  and  each  one  contain  a  sensitive  tablet. 

An  exposure  of  a  few  seconds  in  the  camera  will  suffice  to 
impress  the  image ;  the  plate  is  then  submitted  to  the  vapour 
of  mercmy,  heated  to  about  150  or  200  degrees  in  a  box 
represented  in  fig.  279,  there  to  remain  for  several  minute* 
until  the  picture  is  developed,  which 
may  be  seen  by  examining  it  from  time 
to  time  through  the  piece  of  yellow 
glass  let  into  the  side  of  the  box  ;  it  is 
then  removed,  and  phmgcd  into  a  bath 
of  hyposulphite  of  soda  (tig.  280),  Avhen 
t  the  iodine  will  be  seen  to  leave  the  sur- 
face rapidly ;  afterwards  let  it  be  well 
washed  in  clean  water  to  free  it  from 
the  hyposulphite  of  soda,  placed  on 
a  stand  (fig.  281),  and  fixed  by  pouring 
a  small  quantity  of  the  solution  of 
chloride  of  gold  upon  the  surface  ;  this  Fig.  270. 

ymust  be  heated  by  placing  a  spirit-lamp  under  the  plate  until 
small  bubbles  quickly  arise ;  the 
I  fluid  is  then  thrown  away,  and  the 
'.plate  dried  without  delay  over  the 
ispirit-lamp. 

I Wo  find  in  the  daguerreotype 
'process  that  those  parts  of  iodized 
: 


Fig.  280. 

Ifiilver  plate  upon  which  the  light  has  acted  with  most  power, 
^receive,  in  the  exposure  to  the  vapoui-s  of  mercury,  tire 
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largest  quantity  of  that  vapour  over  their  surfaces,  and  the 
gradations  of  light  are  marked  veiy  beautifully 
by  the  thickness  of  these  mercurial  films.  But 
rcmai'kable  enough,  the  mercui-ial  vapour  does 
not  enter  into  combination  with  the  surface  of 
the  plate,  unless  it  has  previously  been  exposed 
to  the  influence  of  light.    A  plate  exposed  to 
the  mercury  before  and  after  it  had  been  coated 
with  iodine,  was  not  affected  in  its  after  opera- 
tion in  the  camera  by  this  premature  exposure  ; 
so  that  it  is  absolutely  necessary  that  the 
mysterious  influence  of  light  should  be  exerted      ^'g-  281. 
upon  the  plate  before  any  degree  of  affinity  exists  between  it 
and  tlic  vapour  of  mercury  with  which  it  is  brought  in  contact. 

Interference  of  Light. 

The  phenomena  of  the  interference  of  rays  of  liglit  are  of 
the  greatest  intci'cst  theoretically,  as  throwing  much  light 
xipon  the  intimate  nature  of  the  ray,  and  especially  demon- 
strating its  close  analogy  to  the  lines  of  undidation  or  vibra- 
tion as  observed  in  substantial  bodies. 

Suppose  that  two  equal  systems  of  circular  waves  be  pro- 
duced by  dropping  two  pebbles  into  a  still  sheet  of  water,  the 
waves,  as  they  radiate  from  each  centre,  will  cross  one  another. 
But  by  this  crossing  the  number  of  waves  wiU  be  probably 
diminished  instead  of  doubled.  For  wheire  the  crests  of  two 
waves  coincide,  the  height  of  the  waves  will  be  doubled ;  but 
where  the  crest  of  one  coincides  with  the  trough  of  the  other, 
the  water  will  become  level.  These  are  what  have  been 
called  "  lines  of  double  disturbance,"  and  "  lines  of  no  dis- 
turbance." Where  one  wave  is  half  an  undulation  behind 
the  other  which  it  meets,  the  result  wUl  be  still  water — the 
annilTilation  of  both  waves.  The  same  is  observed  of  the 
vibrations  that  produce  sound.  Let  two  stretched  catgut 
strings,  not  in  unison,  be  set  vibrating  simultaneously.  Each 
gives  its  own  note,  but  the  result  of  their  meeting  ynU  be  a 
compound  sound,  which  remits  and  swells  by  turns.  These 
alternate  dyings  away  and  revivings  are  termed  heats.  One 
string  vibrates  faster  than  the  other ;  when  the  direction  of 
two  vibrations  coincides,  an  intense  note  is  produced ;  v^hea 
they  oppose  each  other,  the  result  is  neutralization  or  silence. 
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If  two  pencils  of  red  or  yellow  light  be  admitted  into  a 
darkened  room  through  two  pinholes  near  each  other  in  the 
shutter,  and  the  light  be  caught  upon  a  screen  just  beyond  the 
point  where  the  cones  cross  at  their  edges,  the  phenomenon  of 
interference  will  be  observed  in  its  simplest  form.  In  the 
centre  of  the  screen  will  be  seen  a  bright  spot,  and  on  either 
side  of  this  a  series  of  bands  of  alternate  darkness  and  light. 
But  hght  falls  equally  on  the  whole  surface,  so  that  here  the 
addition  of  Hght  to  hght  has  produced  darkness.  Where  the 
wares  of  light  that  meet  differ  in  length  by  one  undulation,  or 
by  two,  or  by  three,  intensity  results ;  but  where  the  difference 
is  I  a  wave,  Ig,  or  2|  waves,  the  two  will  interfere,  become 
neutralized,  and  darkness  results.  One  apertui-e  being  closed, 
this  interference  ceases,  and  the  black  bands  disappear.  This 
phenomenon  must  be  occurring  everywhere  dming  the  con- 
tinual crossing  of  the  rays  of  Hght,  but,  owing  to  the  general 
diffusion  of  Hght,  it  is  not  perceived  by  the  eye  until  two  small 
pencils  are  isolated  in  this  manner. 

If  the  above  experiment  be  performed  with  white  Hght 
instead  of  coloured  rays,  then  another  circumstance  wiU  result, 
depending  on  the  different  lengths  and  rapidities  of  the  un- 
dulations in  the  seven  coloured  rays.  One  or  other  of  these 
may  be  neutralized  at  a  particular  spot  without  the  others 
being  interfered  with.  The  result  is  a  succession  of  iridescent 
or  coloured  bands  instead  of  a  simple  succession  of  light  and 
darkness. 

Interference  may  occur  with  reflected  Hght.  If  a  number 
of  parallel  extremely  fine  lines  be  drawn  on  the  surface  of  a 
plate  of  polished  steel,  an  iridescent  sui-face  is  communicated 
to  it.  At  regular  intervals  opposite  the  grooves  there  is  no 
reflexion.  The  lines  of  reflected  Hght  interfere  without  com- 
pensation, and  an  interference  of  the  rays  and  consequent 
bands  of  colour  result. 

The  surface  of  mica,  mother-of-pearl,  many  shells,  the  elytra 
of  coleopterous  insects,  skin  of  fishes,  and  feathers  of  some 
birds,  produce  a  brilliant  play  of  colours  in  the  same  way  by 
virtue  of  their  texture.  That  this  is  the  case  is  sliown  by  our 
obtaining  the  same  coloui's  on  an  exact  cast  of  such  a  surface 
in  seaUng  wax,  &c. 

The  iridescent  colours  of  thin  plates  depend  upon  the  inter- 
'  ference  of  the  rays  reflected  from  the  upper  and  lower  surfaces 
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of  sucli  a  plate  or  film.  On  account  of  its  extreme  thinness, 
the  reflected  rings  may  differ  in  length  hy  the  fractional  part 
of  an  imdulation,  and  thus  interfere.  Sir  Isaac  Newton  pro- 
duced a  series  of  rings  of  colour  by  applying  graduated  pressure 
to  two  opposed  plates  of  glass.  The  lower  had  a  plane  surface, 
tlie  upper  a  double-convex  lens  of  very  slight  convexity. 
There  is  between  two  such  plates  a  thin  layer  of  air  increasing 
in  thickness  from  the  centre  towards  the  circumference.  The 
rays  are  reflected  from  the  two  surfaces  of  this  film,  and, 
knowing  the  convexity  of  the  lens  above,  Newton  was  enabled 
to  calcxilate  the  thickness  of  the  film  requisite  to  produce  an 
interference  resulting  in  a  band  of  one  particulai-  colour.  At 
and  below  the  thickness  of  two-millionths  of  an  inch,  a  black 
spot  was  produced,  and  above  72-millionths  white  light  was 
reflected.  The  order  of  the  colours  between  these  points  is 
termed  ymvton's  scale. 

The  phenomenon  of  diffraction  is  seen  on  allowing  a  pencil 
of  light  to  be  reflected  from  a  sharp  edge  on  to  a  screen.  An 
interference  of  the  rays  takes  place  on  account  of  the  inter- 
position of  the  thin  edge. 

Place  a  lens  I  (fig.  282)  of  short  focus  in  a  hole  of  a  window- 
shutter,  and  allow  a  pencil  of  light  horizontally  to  enter  the 


Fig.  282.— Diffraction  of  Light. 

dark  room  through  a  glass  (/  g,  which  will  form  a  divergent 
cone ;  and  that  the  light  may  more  certainly  be  of  the  same 
nature,  let  it  pass  through  coloured  glass  before  entering  the 
lens,  which  then  will  give  but  rays  of  one  colour.    Then  at  a 
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short  distance  from  the  focus  put  up  a  screen  cs,  having  an 
cedge  clear  and  thin,  let  the  bottom  of  this  be  on  an  exact  line 
with  the  focus  of  the  lens ;  at  a  distance  from  the  screen  place 
a  piece  of  ground  glass  1 1,  the  top  of  which  may  be  on  a  level 
with  the  top  of  the  screen,  and  it  must  at  least  be  twice  the 
length  of  the  screen. 

On  the  Hght  passing  through  the  lens,  a  shadow  of  the 
screen  is  throAvn  on  the  ground  glass;  on  looking  at  this, 
Balthough  it  proceeds  in  a  straight  hne  from  the  focus  and 
hottom  of  the  screen  to  the  ground  glass,  yet  the  lower  part 
of  the  shadow  is  not  dark,  but  a  degree  of  brightness  rises 
pipward,  from  the  line,  diminishing,  however  gradually,  in 
intensity.  Then  below  the  focal  line  extended  to  the  ground 
;lass,  there  are  seen  alternate  fringes  or  bands  of  light  and 
t ;  a  bright  one  I  first,  then  a  dark  one  h,  and  so  on,  both 
dually  decreasing  in  intensity  as  they  descend,  until  they 
come  confounded  with  the  light  which  passes  by  the  edge  of 
,he  screen.  The  bands  all  start  from  the  edge  of  the  screen,  and 
n  descending  to  the  ground  glass  each  describes  a  hyperbole. 

These  bands  may  be  shown  by  all  the  tints  of  the  spectnim ; 
lut  if  the  red  be  commenced  with,  gradually  as  the  tints 
'.escend  to  the  violet,  the  fringes  or  bands  lessen  in  width, 
d  are  closer  together. 

Now  if  a  ray  of  white  light  pass  through  the  lens  under  the 
ame  circumstances  as  above,  that  is,  having  a  screen  and 
iTOund  glass,  each  colour  of  which  white  light  is  composed  is 
if&^cted,  as  if  it  were  that  only  which  is  present.    If  we 
mmence  at  the  focal  line  on  the  ground  glass,  the  violet  fails 
t,  and  the  red  ought  to  come  after  the  white  fringe  border- 
g  the  shadow  ;  but  at  that  part  where  the  red  fails  when  by 
elf,  and  the  other  colours  do  not,  there  is  a  mixed  tint.  There- 
re  the  rule  by  which  the  bands  of  individual  colom-s  are 
ivemcd,  being  known  by  the  order  and  nature  of  the  tints 
Lven  by  white  light,  can  be  determined. 
The  presence  of  the  lens  to  concentrate  the  rays  is  not  at  all 
ecessary  to  this  phenomenon  ;  to  show  this,  we  Avill  suppose 
he  arrangement  to  be  as  shown  at  fig.  283,  only  that  at  a 
'  ort  distance  from  the  focus,  a  fine  Avire  w  w  be  placed  in  the 
urse  of  the  rays ;  the  geometric  shadow  would  then  reach 
>  s  s,  or  the  ground  glass  screen  1 1.    Beyond  this,  on  each 
.do,  t  s,  s' t',  fringes  may  be  seen,  resembling  those  arising 
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from  the  edge  of  the  screen  in  fig.  282,  and  are  called  extenor 
fringes ;  in  addition  to  which,  interior  fringes  occupy  the  who] 
width  of  the  shadow,  presenting  with  white  light  colours  of 
various  tints. 


Fi?.  283.— Interference  of  Light. 

Dr.  Young's  ingenious  theory  of  the  principle  of  interference 
(first  enunciated  by  him  about  1801).,  may  be  said  to  have  | 
overturned  the  molecular  and  estabHshed  the  wave  theoiy  of  5 
light.    This  he  demonstrated  hy  maldng  an  experiment  of  the 
land  mentioned  above.    The  rays  of  the  sun  (previously  for  . 
convenience  brought  into  a  horizontal  direction  by  a  mirror  |ii 
outside)  were  admitted  into  a  dark  room  through  ajjin-hok. 
Upon  a  table  just  beneath  the  level  ray,  were  disposed  some 
little  moveable  card  screens,  which  could  intercept  the  wholr 
or  part  of  it.    This  constituted  the  whole  apparatus.  On' 
larger  screen  was  placed  at  a  considerable  distance,  and  was 
wholly  illuminated  by  the  beam  of  light.    Between  this  and 
the  pin-hole,  the  others  could  be  shifted  to  different  distances, 
or  moved  sideways  as  occasion  required.    "When  any  one  ot 
them  was  placed  so  as  to  intercept  a  part  of  the  light  by 
edge,  its  shadow  on  the  permanent  screen  presented  the  ex- 
ternal fringes  of  Grimaldi  and  Newton.    But  it  was  on  the 
internal  bands  that  Young  fixed  his  attention,  which,  wbcn 
a  narrow  slip  of  card  was  used,  ran  parallel  to  the  sides,  ^ 
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the  same  breadth  throughout,  alternately  dark  and  bright 
at  which  occupied  the  exact  centre  being  always  bright. 
Young  perceived  at  once  the  bearing  of  this  fact.  The 
beam  of  light  was  to  his  mind's  eye  a  series  of  waves  pro- 
pagated onwai'd  from  the  pin-hole.    The  card  acted  merely  as 
an  obstacle  ;  round  its  edges  sets  of  waves  diverged  anew ;  and 
vby  their  crossing  and  mingling  with  each  other  in  alternate 
■points,  reinforced  or  neutralized  each  other;  thiis  gi^^Ilg  a 
series  of  dark  and  bright  spaces.    Conclusive  subsequent  ex- 
periments proved  this  to  be  the  true  explanation  ;  which  was 
idily  extended  to  the  external  interference  of  the  new  waves 
ith  the  original  set  at  each  side. 

Fresnel  subsequently  extended  the  analytical  details  of  the 
eery,  and  made  several  important  improvements  in  the  mode 
f  conducting  the  demonstration.  One  of  the  most  material 
mprovements  was  this;  it  was  held  that  the  edge  of  the 
intercepting  body  exerted  itself  some  peculiar  action  on  the 
jays.  To  disprove  this,  he  devised  a  simple  and  decisive 
"periment,  in  which  no  material  substance  whatever  was 
hterposed,  but  two  streams  of  light  were  made  simply  to  act 

I  each  other. 

1  Light  originating  from  a  single  luminous  point  was  divided 
ito  two  streams  by  being  reflected  from  two  plates  of  glass 
iving  the  slightest  imaginable  inchnation  to  each  other,  or 
•ansmitted  through  a  plate  of  glass,  one  of  whose  surfaces 
as  cut  with  two  faces  having  the  like  small  inclination ;  the 
70  streams  thus  crossed  at  an  extremely  acute  angle,  and  at 
'.e  point  of  intersection  exhibited  a  distinct  and  vivid  set  of 
irk  and  bright  stripes,  by  means  of  an  eye-piece  having  its 
<ms  at  the  intersection.  In  this  case  the  interference  is 
•.hibited  in  perfect  simplicity  and  independence ;  and  in  the 

II  effulgence  of  the  united  illuminations  of  the  two  lights, 
e  alternate  intervals  are  as  intensely  black  as  if  the  rays 
ere  shut  out  by  the  most  impenetrable  screen. 
The  principle  of  interference  is  characterized  by  the  high 
nerality  of  its  application.  Once  recognized,  it  connected 
■  a  common  law  all  the  diversified  effects  hitherto  irangined 
e  to  an  equal  diversity  of  causes, — the  colours  of  tliin  films ; 
e  diffracted  bands ;  the  colours  of  fine  dew,  and  fibres  of 
rrow  groves,  of  mothcr-of -pearl,  investigated  by  Young  and 

ster,  as  afterwards  those  of  gratings  and  apertures  applied 
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to  the  object-glass  of  a  telescope  by  Fraimhofer ;  while  bj 
another  application  it  was  found  to  obviate  the  objection  wbicl 
the  rectilinear  course  of  light  opposed  to  the  wave  theory ;  an( 
later  instances  of  bands  formed  by  partial  interception  of  th^ 
prismatic  spectrum,  observed  by  Brewster,  Airy,  and  Powell, 
and  the  elaborate  calculations  of  nearly  all  possible  combina- 
tions of  difFractive  phenomena  by  Schwerd,  have  affordei 
equally  successful  proofs  of  its  fertility.    The  undulatorx 
theory,  defective  as  it  may  be,  is  not  only  the  best,  but  thi 
only  theory  avc  have. 

Diffraction. — For  showing  the  phenomena  of  diffractio; 
of  light,  a  convenient  form  of  apparatus  has  been  devisee 
by  Mr.  John  Bridge,  consisting  of  a  lens  placed  in  an  aper-j 
ture  in  a  dark  screen,  on  which  direct  sun-light  is  reflected  bjj 
a  mirror.  "When  the  image  of  the  sun  in  the  focus  of  th' 
lens  is  viewed,  by  a  small  telescope,  through  transparen 
apertures  of  vaiious  shapes  in  an  opake  film  of  collodion,  pro 
duccd  by  photography,  the  effects  produced  are  extremel; 
varied  and  beautiful. 

The  brilliant  tints  of  soap-bubbles,  and  of  thru  plates  r. 
various  transparent  bodies,  afford  further  examples  of  iuter 
fercncc  of  liglit ;  for  the  undulations  reflected  from  their  firs 
surfaces  interfere  with  those  reflected  from  the  second ;  an 
upon  the  amount  of  retardation  thus  experienced  by  th 
luminous  Avaves,  the  varieties  of  colours  observed  in  these  thi 
plates  depend. 

The  interference  o  f  liglit  has  opened  up  to  the  chemical  phUo 
sophcr  a  wide  and  promising  field  of  interest.  It  has  latel 
been  shown  in  a  beautiful  series  of  experiments  made  by  Pro 
fessors  Bunsen  and  Ku'chhoff,  that  we  possess  an  accural 
method  of  chemical  analysis  by  spectrum  observations. 

This  exquisite  method  of  qualitative  analysis  is  founded  o 
the  power  possessed  by  many  substances  of  developing  pecuha 
bright  lines  in  the  spectrum  of  a  flame  in  which  they  ar 
introduced.  The  bright  lines  produced  in  this  manner  shoA 
themselves  most  plainly  when  the  temperature  of  the  flame  i 
highest  and  its  illuminating  power  least :  hence  Bunsen 's  gas 
burner,  which  gives  a  flame  of  very  high  temperature  and  ver 
slight  luminosity,  is  well  adapted  for  experiments  on  the  brigli 
lines  of  the  flame-spectra. 

The  apparatus  employed  by  Messrs.  Kirchhoff  and  Bunsc' 
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in  their  spectrum  observations  is  thus  represented  and  described 
in  Poggcndorff's  'Annalen.' 

A  (tig.  284)  is  a  box  blackened  on  the  inside,  having  its 
horizontal  section  in  the  form  of  a  trapezium,  and  resting  on 
three  feet ;  the  two  inclined  sides  of  the  box,  which  are  placed 


Fig.  284. 


at  an  angle  of  about  58°  from  each  other,  carry  the  two  small 
telescopes  n  and  c.  The  eye-piece  of  the  first  telescope  is 
removed,  and  in  its  place  is  inserted  a  plate,  in  which  a  slit 
made  by  two  brass  knife-edges  is  so  arranged  that  it  coincides 
with  the  focus  of  the  object-glass.  The  gas-lamp  n  standH 
before  the  slit  in  such  a  position  that  the  mouth  of  the  flame 
is  in  a  straight  line  with  the  axis  of  the  telescope  b.  Some- 
what lower  than  the  point  at  which  the  axis  of  the  tube  pro- 
duced meets  the  mouth,  the  end  of  a  fine  platinum  wire  bent 
round  to  a  hook  is  placed  in  the  flame.  [The  common  spirit- 
lamp  answers  the  purpose  equally  well:  the  salt  should  be 
^'itbcr  mixed  with  the  spirit  or  introduced  into  the  cotton  wick.] 
ITio  platinum  wire  is  supported  in  this  position  by  a  small 
holder  n,  and  on  to  the  hook  is  melted  a  globule  of  the  dried 
chloride  which  it  is  required  to  examine.  IJetween  the  object- 
glasses  of  the  telescopes  b  and  c  is  placed  a  hollow  prism  k, 
iiUed  with  bisulphide  of  carbon,  and  having  a  refracting  angle 
of  00^ ;  tlic  prism  rests  upon  a  brass  plate,  moveable  about  a 
vertical  axis.    The  axis  carries  on  its  lower  part  the  mirror. 


416 


OPTICS. 


Q.  and  above  that  the  arm  h,  which  serves  as  a  handle  for 
turning  the  prism  and  mirror.  A  small  telescope  placed  some 
way  off  is  directed  towards  the  mirror,  and  through  this  tele- 
scope an  image  of  a  horizontal  scale  fixed  at  some  distance 
from  the  mirror  is  observed.  By  turning  the  prism  round 
every  colour  of  the  spectrum  may  be  made  to  move  past  the 
vertical  wire  of  the  telescope  c,  and  any  required  position  of 
the  spectrum  thus  brought  to  coincide  with  the  vertical  line. 
Each  particular  portion  of  the  spectrum  thus  corresponds  to  a 
certain  point  on  the  scale.  If  the  luminosity  of  the  spectrum 
is  very  small,  the  wire  of  the  telescope  c  may  be  illuminated 
by  means  of  a  lens,  wliich  throws  a  portion  of  the  rays  from  a 
lamp  through  a  small  opening  in  the  side  of  the  tube  of  the 
telescope  c. 

From  a  long  series  of  preliminary  experiments  with  this 
apparatus,  the  authors  satisfied  themselves  that  the  appearance 
of  certain  bright  lines  in  the  spectra  may  be  regarded  as  abso- 
lute proof  of  the  presence  in  the  flame  of  certain  metals,  and 
that  they  serve  as  reactions,  by  means  of  which  these  bodies 
may  be  recognized  with  more  certainty,  greater  quickness,  and 
in  far  smaller  quantities,  than  can  be  done  by  help  of  any 
other  known  analytical  method,  no  matter  what  may  be  the 
nature  of  the  body  with  which  the  metals  are  combined. 

The  wonderful  delicacy  of  the  spectrum-reaction  of  sodium 
is  evinced  by  the  following  experiment.    In  the  experiment 
room,  the  capacity  of  which  is  about  60  cubic  metres  (one 
cubic  metre  =  35-3  cubic  feet),  was  burnt  a  mixture  of  3  ' 
milligrammes  (0-0462  gr.)  of  chloride  of  sodium  with  milk-  ] 
sugar,  whilst  the  n  on -luminous  flame  of  the  lamp  was  observed  ' 
through  the  sHt  of  the  telescope.    Within  a  few  minutes  the 
flame,  which  gradually  became  pale  and  yeUow,  gave  a  distinct 
yeUow  sodium  line,  coincident  in  the  solar  spectnim  with 
Fraunhofer's  dark  line  D,  lasting  for  about  ten  minutes,  and 
then  entirely  disappearing.    From  the  weight  of  the  sodium 
salt  burnt,  and  the  capacity  of  the  room,  it  was  calculated  that 
in  one  part  by  weight  of  air,  there  was  suspended  less  than 
aouo^oooo  °^  ^  V^^^  of  soda  smoke.    As  the  reaction  can  be 
quite  easily  observed  in  one  second,  and  as  in  this  time  the 
quantity  of  air  which  is  heated  to  ig-nition  by  the  flame  could  ' 
be  calculated  from  the  rate  of  issue,  and  from  the  composition 
of  the  gases  of  the  flame,  the  surprising  result  came  out  that 
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the  eye  is  able  to  detect  with  the  greatest  ease  quantities  of 
sodium  salt  less  than  j^^ip^o  a  milligramme  in  weight. 
The  reaction  of  potassium  is  not  so  delicate ;  the  spectrum 
contains  only  two  characteristic  lines,  one  in  the  outermost  red, 
and  the  other  far  in  the  violet  ray  of  the  solar  spectrum — 
points  at  which  the  eye  ceases  to  be  sensitive  to  the  rays. 
The  presence,  however,  of  yuJTo  *  milligramme  of  the  metal 
could  be  readily  detected.  Lithium  gives  two  sharply  defined 
lines — ^the  one  a  very  weak  yelloiv  line,  and  the  other  a  bright 
red  line,  both  towards  the  extreme  red  end  of  the  solar  spec- 
trum ;  though  the  reaction  is  not  so  sensitive  as  with  sodium, 
it  is  by  far  the  most  delicate  test  for  the  metal,  the  eye  being 
capable  of  distinguishing  with  absolute  certainty  a  quantity  of 
carbonate  of  lithium  less  than  ^  u  u^ii  o  o  o  ^  milligramme  in 
weight.  The  authors  found  to  their  surprise  that  lithium, 
instead  of  being  a  rare  substance,  was  a  very  widely- distributed 
one,  occurring  in  almost  all  bodies.  They  foimd  it  in  the  water 
of  the  Atlantic ;  in  the  ashes  of  marine  plants ;  in  pure  spring 
water ;  in  the  ashes  of  tobacco,  vine-leaves,  and  of  grapes ; 
and  even  in  the  milk  of  animals  fed  on  crops  growing  in  the 
Rhine  plain,  on  a  non-granitic  soil.  Strontium,  barium,  and 
calcium  all  give  characteristic  spectra;  that  of  strontium,  is 
characterized  by  the  absence  of  green  bands.  It  contains, 
however,  eight  remarkable  ones,  namely,  six  red,  one  orange, 
and  one  blue  line.  To  examine  the  intensity  of  the  reaction, 
Kirchhoff  and  Bunsen  threw  up  into  the  air  of  the  room,  in 
the  form  of  fine  dust,  0*077  grm.  of  the  chloride,  and  thoroughly 
mixed  the  air  by  rapidly  moving  an  umbrella ;  the  lines 
immediately  came  out,  and  realized  the  presence  of  the  p  o'^o  o  o 
part  of  a  milligramme  of  strontium.  The  barium  spectrum  is 
distinguished  by  two  veiy  distinct  green  lines,  by  which  the 
authors  were  enabled  to  detect  with  certainty  ^0^00  ^  milli- 
gramme of  the  metal.  Calcium  gives  a  broad  and  very 
characteristic  greeti  line,  and  moreover,  a  bright  orange  lino 
lying  near  the  red  end  of  the  spectrum.  j^J-—^  of  a  milli- 
gramme of  the  chloride  of  the  metal  could  be  easily  detected. 
It  is  particularly  worthy  of  note  that  the  spectra-reactions  of 
different  metals  do  not  intex"fcre  with  one  another ;  that  each 
being  characterized  by  some  one  or  more  special  lines,  it  is 
easy  to  make  a  qualitative  analysis  of  a  compoxxnd  containing 
several  elements :  thus,  Kirchhoff  and  Bunsen  were  enabled  to 

2  E 


418 


OPTICS. 


exhibit  the  reactions  of  potassium,  sodium,  lithium,  calcium, 
and  strontium,  in  several  mineral  waters ;  to  show  the  bands 
of  sodium, jpotassiiim,  lithium,  and  calcium  in  the  ash  of  a  cigar 
moistened  with  hydrochloric  acid,  and  to  point  out  differences 
in  the  composition  of  various  limestones.  But  the  greatest 
triumph  of  the  new  method  of  analysis  was  the  discovery  of 
another  member  of  the  group  of  alkali  metals.  While  working 
on  the  residue  of  a  mineral  water  from  Kreuznach,  a  spectrum 
was  obtained  which  gave  lines  as  simple  and  characteristic  as 
those  of  lithium  and  sodium,  but  which  were  blue,  and  were 
not  referable  to  any  known  element;  tliese  indefatigable 
chemists  evaijoratcd  down  no  less  a  quantity  than  tiventy  torn 
of  the  water,  and  obtained  240  grains  of  the  platinum  salt  of 
the  new  metal,  which  they  call  ccesium,  from  the  Latin  word 
cmiu^,  signifying  greyish  blue,  that  being  the  tint  of  the  two 
spectral  lines  Avliich  it  shows.  The  new  metal  is  veiy  analo- 
gous to  potassium,  but  differs  from  it  in  the  solubility  of  its 
nitrate  in  alcohol.  Its  equivalent  number  is  117,  being  exactly 
three  times  that  of  potassium.  It  is  scarcely  possible  to  over- 
rate the  probable  imi^ortance  to  chemical  science  of  this  new 
and  beautiful  metliod  of  analysis.  "In  spectrum  analysis," 
observe  the  authors,  "  the  coloured  bands  are  unaffected  by 
any  alteration  of  phj^sical  conditions,  or  by  the  presence  of 
other  bodies.  The  positions  which  the  hues  occupy  in  the 
spectnim  indicate  the  existence  of  a  chemical  property  as  un- 
alterable as  the  combining  weights  themselves,  and  may  there- 
fore be  estimated  with  almost  astronomical  precision ;  it  extends 
almost  to  infinity  the  limits  within  which  the  chemical  charac- 
teristics of  matter  have  hitherto  been  confined.  By  an  appli- 
tcation  of  the  method  to  geological  inquiries,  the  most  valuable 
results  may  be  expected  ;  it  opens  out,  moreover,  the  investi- 
gation of  an  entirely  untrodden  field,  stretching  even  beyond 
the  solar  system ;  for  in  order  to  examine  the  composition  of  a 
luminous  gas,  we  require,  according  to  this  method,  only  to 
see  it  ;  and  it  is  evident  that  the  same  mode  of  analysis  must 
be  applicable  to  the  atmosphere  of  the  sun  and  of  the  brighter 
fixed  stars." 

Polarization  of  Light. 

Huyghens  and  others  having  observed  that  a  ray  of  light 
has  not  the  same  properties  in  every  part  of  its  cu-cumference, 
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I  compared  it  to  a  magnet,  or  a  collection  of  magnets  ;  and  sup- 

i  posed  that  the  minute  particles  of  wliich  it  was  said  to  be 

i  composed  had  different  poles,  which,  when  acted  on  in  certain 

i  ways,  arranged  themselves  in  particular  positions ;  hence 
the  term  polarization,  a  term  having  neither  reference  to  cause 

I  nor  effect.    It  is  to  Mains,  however,  who,  in  1808,  discovered 

!  polarization  by  reflexion,  that  we  are  indebted  for  the  series 

,!  of  splendid  phenomena  which  have  since  that  period  been 

i;  developed;  phenomena  of  such  surpassing  beauty  as  far  to 

4  exceed  any  thing  which  can  be  presented  to  our  eyes  under 

■\  the  microscope.    It  has  been  truly  observed  by  Sir  David 

!  Brewster,  that  "the  application  of  the  principles  of  double 

'.  refraction  to  the  examination  of  structiu'cs  is  of  the  higliest 

'J  value.    The  chemist  may  perform  the  most  dexterous  analysis  ; 

;|  the  crystallographer  may  examine  crystals  by  the  nicest 

i  determination  of  their  forms  and  cleavage ;  the  anatomist  or 

I  botanist  may  use  the  dissecting  knife  and  microscope  with 

i  the  most  exquisite  skill ;  but  there  are  still  structures  in  the 

ii  mineral,  vegetable,  and  animal  kingdoms  which  defy  all  such 
{'j  modes  of  examination,  and  which  will  yield  only  to  the  magical 
Ij  analysis  of  polarized  light.    A  body  which  is  quite  transparent 

i to  the  eye,  and  which  might  be  judged  as  monotonous  in 

j  structure  as  it  is  in  aspect,  "will  yet  exhibit,  under  polarized 

t  light,  the  most  exquisite  organization,  and  will  display  the 

I  result  of  new  laws  of  combination  which  the  imagination  even 

!!  could  scarcely  have  conceived.    In  evidence  of  the  utUity  of 

I  this  agent  in  exploring  mineral,  vegetable,  and  animal  struc- 

f!  tares,  the   extraordinary  organization   of  apophyllite  and 

i )  analcime  may  be  referred  to ;   also  the  symmetrical  and 

I I  figurate  depositions  of  siliceous  crystals  in  the  epidermis  of 
»i  equisetaceous  plants,  and  the  wonderful  variations  of  density 
3i  in  the  crystalline  lenses  of  the  eyes  of  animals." 

If  we  transmit  a  beam  of  the  sun's  light  through  a  circular 

J ;  aperture  into  a  darkened  room,  and  if  we  reflect  it  from  any 

t\  crystallized  or  uncrystallizcd  bod^v,  or  transmit  it  through  a 

i  thin  plate  of  either  of  them,  it  Avill  bo  reflected  and  transmitted 

in  the  very  same  manner,  and  with  the  same  intensity, 

v;  whether  the  surface  of  the  body  is  held  above  orbelosvtho 

I'  ■  bfiam,  or  on  the  right  side  or  left,  provided  that  in  all  cases  it 

■  falls  upon  the  surface  in  the  same  manner  ;  or,  what  amounts 

to  the  same  thing,  the  beam  of  solar  liglit  has  the  same  pro- 
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perties  on  all  its  sides ;  and  this  is  true,  whether  it  is  white 
light  as  directly  emitted  from  the  sun,  or  from  a  candle  or  any 
burning  or  seif-luminous  body ;  and  all  such  light  is  called 
common  light. 

A  section  of  such  a  beam  of  light  will  be  a  circle,  like 
abed  (fig.  285) ;  and  we  shall  distinguish  the  section  of  a 


2>  if' 

Fig,  285. 


beam  of  common  light  by  a  circle  with  two  diameters  ab,  cd, 
at  right  angles  to  each  other. 

If  we  now  allow  the  same  beam  of  light  to  fall  upon  a  rhomb 
of  Iceland  spar,  and  examine  the  two  circular  beams  o  o,  e 
formed  by  double  refraction,  we  shall  find, — 1st,  that  the  beams 
0  0  E  e  have  different  properties  on  different  sides,  so  that  each 
of  them  differs  in  this  respect  from  the  beam  of  common  light. 

2nd.  That  the  beam  o  o  differs  from  e  e  in  nothing  excepting 
that  the  former  has  the  same  properties  at  the  sides  a'  b'  that  , 
the  latter  has  at  the  sides  c'  and  d' ;  or  in  general,  that  the  [ 
diameters  of  the  beam,  at  the  extremities  of  which  the  beam 
has  similar  properties,  are  at  right  angles  to  each  other,  as  a'  b' 
and  c'  and  d'  for  example. 

These  two  beams,  o  o,  e  e,  are  therefore  said  to  be  iiolarkei, 
or  to  be  beams  of  polarized  light,  because  they  have  sides  or 
poles  of  different  properties  and  planes  passing  through  the 
lines  ab,  cd;  or  a'  b',  d  d'  are  said  to  be  the  planes  of  polar- 
ization of  each  beam,  because  they  have  the  same  property, 
and  one  which  no  other  plane  passing  through  the  beam 
possesses. 

Now  it  is  a  curioiis  fact,  that  if  we  cause  the  two  polarized 
beams  o  o,  e  c  to  be  united  into  one,  or  if  we  produce  them  by 
a  thin  plate  of  Iceland  spar,  which  is  not  capable  of  separating 
them,  we  obtain  a  beam  which  has  exactly  the  same  properties 
as  the  beam  abed  of  common  light.    Hence  we  infer  that  a 
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beam  of  common  light,  abed,  consists  of  tiuo  beams  of  polarized 
light,  whose  plane  of  polarization,  or  whose  diameters  of  similar 
properties  are  at  right  angles  to  one  another.  If  o  o  is  laid 
above  e  e,  it  will  produce  a  figure  like  abed;  and  we  shall 
therefore  represent  common  light  by  such  a  figure.  If  we 
were  to  place  o  o  above  e  e,  so  that  the  planes  of  polarization 
a'  h'  and  c  d'  coincide,  then  we  should  have  a  beam  of  polarized 
light  twice  as  luminous  as  either  o  o  or  E  e,  and  possessing 
exactly  the  same  properties ;  for  the  lines  of  similar  property 
in  the  one  beam  coincide  with  the  Hnes  of  similar  property  in 
the  other.  Hence  it  follows  that  there  are  three  ways  of 
converting  a  beam  of  common  light,  abed,  into  a  beam  or 
beams  of  polarized  light. 

1st.  "We  may  separate  the  beam  of  common  light,  abed, 
into  its  component  parts  o  o  and  e  e.    2nd.  We  may  turn 
jimd  the  planes  of  polarization,  abed,  till  they  coincide  or 
re  parallel  to  each  other.    3rd.  We  may  absorb  or  stop  one  of 
le  beams,  and  leave  the  other,  which  will  consequently  be  in. 
.1  state  of  polarization. 

For  the  purpose  of  producing  the  phenomenon  of  polarized 
light  we  employ  a  doubly  reflecting  crystal,  made  from  a  trans- 
'  irent  mineral  substance  called  Iceland  spar,  calcareous  spar, 
'rbomte  of  lime  or  calcite.    Iceland  spar  is  composed  of  fifty- 
ix  parts  of  lime  and  forty-four  parts  of  carbonic  acid;  it  is 
'und  in  various  shapes  in  almost  all  countries ;  but  whether 
nmd  in  crystals  or  in  masses,  we  can  always  cleave  it  or  split 
•  into  a  shape  represented  by  fig.  286,  which  is  called  a  rhomb 
f  Iceland  spar,  a  solid  bounded  by 
X  equal  and  similar  rhomboidal 
irfaces,  whose  sides  are  parallel, 
.nd  whose  angles  b  ac,  a  e  d,  are 
1 01°  55'  and  78°  5'.    The  Hne  a  x, 
'i.Ued  the  axis  of  the  rhomb  or  of  the 
!y3tal,  is  equally  inclined  to  each  of 
iic  six  faces  at  an  angle  of  45°  23'. 
1 1  is  very  transparent,  and  generally  ^^S' 
;olonrless.    Its  natural  faces  when  it  is  split  are  commonly 
ven  and  perfectly  polished ;  but  when  they  are  not  so,  we 
nay  by  a  new  cleaverage  replace  the  imperfect  face  by  a  better 
mo,  or  we  may  grind  and  polish  an  imperfect  face. 
It  is  found  that  in  all  bodies  where  there  seems  to  be  a 
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regularity  of  structure,  as  salts  and  crystallized  minerals,  on  light 
passing  through  them  it  is  divided  into  two  distinct  pencils. 
If  we  take  a  crystal  of  Iceland  spar,  and  look  at  a  black  line 
or  dot  on  a  sheet  of  paper,  there  will  appear  to  be  two  lines 
or  dots  ;  and  on  turning  the  spar  round,  these  objects  will  seem 
to  turn  round  also ;  and  t^^dce  in  the  revolution  they  wiU  fall 
upon  each  other,  which  occurs  when  the  two  positions  of  the 
spar  are  exactly  opposite,  that  is,  when  turned  one-half  from 
the  position  where  it  is  first  obsei-ved.  In  the  accompanying 
diagram  (fig.  287)  the  line  appears  double,  as  a  6  and  c  d,  or 
the  dot,  as  e  and  /. 
Or  allow  a  ray  of  light 
(J  7i  to  fall  thus  on  the 
crystal,  it  will  in  its 
passage  through  be 
separated  into  two 
rays,  hf,  li  e  ;  and  on 
coming  to  the  opposite 
surface  of  the  crystal 
they  Avill  pass  out  at 
e/in  the  direction  of  ^ 
•i  h,  parallel  to  g  li. 
The  plane  I  m  n  o  is  ^^E-  287. 

designated  the  principal  section  of  the  crystal,  and  the  line 
drawn  from  the  solid  angle  I  to  the  angle  o  is  where  the  axis 
of  the  crystal  is  contained ;  it  is  also  the  optic  axis  of  the 
mineral.  Now  when  a  ray  of  light  passes  along  this  axis,  it 
is  undivided,  and  there  is  only  one  image ;  but  in  all  other 
directions  there  are  two. 

If  two  crystals  of  Iceland  spar  be  used,  the  only  difference- 
will  be,  that  the  objects  seem  fiu'ther  apart  from  the  increased 
thickness.  But  if  two  crystals  be  placed  with  their  principal 
sections  at  right  angles  to  each  other,  the  ordinary  ray  refracted 
in  the  fii'st  wiU  be  the  extraordinary  in  the  second,  and  so  on 
vice  versa:  at  the  intei-mediate  position  of  the  two  crystals 
there  is  a  subdivision  of  each  ray,  and  therefore  four  images- 
are  seen ;  when  the  crystals  are  at  an  angle  of  45°  to  each 
other,  then  the  images  are  all  seen  of  equal  intensit)'. 

If  we  take  a  piece  of  that  crystallized  mineral  called  tourma- 
line, cut  about  -jL-th  of  an  inch  thick,  in  a  dii'cction  parallel  to 
the  axis  of  the  prism,  we  see  a  candle  through  it  as  if  it  were 
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a  piece  of  smoked  glass,  and  no  change  in  the  candle  takes 
place ;  but  if  "we  place  another  piece  between  it  and  the  candle, 
and  turn  round  slowly  the  fii'st  piece,  the  candle  will  appear 
to  be  shut  off  from  view  at  every  quarter ;  turn  them  gradually, 
md  it  will  come  again  into  sight,  and  again  disappear.  This 
..rises  from  the  axes  of  the  pieces  of  tourmaline  being  different, 
and  preventing  the  passage  of  the  rays  of  light,  only  freely 
admitting  them  when  the  axes  of  both  plates  are  parallel  to 
each  other.  This  Professor  Whewell  expresses  as  "  opposite 
properties  ia  opposite  directions,  so  exactly  equal  as  to  be 
capable  of  accm-ately  neutralizing  one  another." 

Dr.  Herapath  has  succeeded  in  making  artificial  tourmaUnea 
large  enough  to  surmount  the  eye-piece  of  the  microscope ;  so 
that  all  experiments  with  those  crystals  upon  polarized  light 
may  be  made  without  the  tourmaline  or  Mcol's  prism. 

If,  instead  of  viewing  the  reflected  ray  through  a  tourmahne, 
we  place  another  plate  of  glass  so  that  the  reflected  ray  may 
fall  upon  it  at  the  same  angle  as  upon  the  first,  this  second 
ilate  may  be  made  to  turn  round  its  axis  without  vai-jing  the 
ngle  which  it  makes  with  the  ray  which  falls  upon  it.  When 
the  two  planes  of  reflexion  coincide  with  each  other,  the  ray 
of  light,  or  luminous  object,  will  be  reflected  fi-om  the  second 
-lass  in  the  same  manner  as  from  the  first ;  but  if  we  turn 
ihe  second  glass  round  a  quadrant  of  a  circle,  so  as  to  make 
the  planes  of  reflexion  pei-pendiculai'  to  one  another,  the  whole 
■f  the  ray  will  pass  through  the  second  glass,  and  none  of  it 
vUl  be  reflected.    Let  us  turn  the  second  glass  round  another 
i  uadrant,  so  as  to  make  the  planes  of  reflexion  again  coincide, 
nd  the  ray  will  be  again  wholly  reflected.    When  the  glass 
las  been  turned  round  three  quadrants,  the  light  will  be  again 
xtinguished. 

As  both  the  pencils  of  light  into  which  a  ray  is  divided  by 
Kissing  through  a  rhombohedron  of  Iceland  spar  are  polarized, 
)ut  in  opposite  directions,  on  viewing  the  reflexion  of  a  lamp 
rom  glass,  at  the  proper  polarizing  angle,  through  such  a 
rj-stal,  the  two  images  will  alternately  appear  and  disappear 
•s  it  is  turned  upon  its  axis. 

It  may  perhaps  assist  our  comprehension  of  the  connexion 
'f  these  phenomena  to  illustrate  them  by  a  rough  analogy :  a 
ay  of  common  light  as  it  is  emitted  from  a  self-luminous  body 
re  may  conceive  to  revolve  upon  an  axis  coincident  with  its 
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own  direction,  as  a  cylincli'ical  rod  may  be  made  to  turn ;  or, 
which  comes  to  the  same  thing,  the  reflecting  or  refracting 
siu'face  may  be  made  actually  to  revolve  around  the  ray  as  an 
axis,  preserving  the  same  relative  position  to  it  in  all  respects, 
and  no  change  in  the  phenomena  will  be  perceived. 

But  if,  instead  of  employing  such  a  ray  of  ordinary  light,  we 
subject  to  the  same  examination  a  ray  which  has  been  sub-  | 
mitted  to  the  action  of  certain  material  bodies,  and  has  become  ; 
polarized  in  the  way  which  we  have  just  examined,  we  find 
this  perfect  uniformity  of  result  no  longer  to  hold  good.    It  is 
no  longer  indifferent  in  what  plane,  with  respect  to  the  ray 
itself,  the  reflecting  or  refracting  surface  is  presented  to  it.  It 
seems  to  have  acquired  sides,  a  right  and  left,  a  front  and 
back,  and  to  be  no  longer  like  the  cylindrical  stick,  but  like  a 
four-sided  one.    If  we  imagine  a  surface  to  be  made  up  of  k 
detached  fibres  all  lying  in  one  direction,  or  of  scales  or  of 
laminae  arranged  parallt^l  to  one  another,  we  should  find  no 
difliculty  in  thrusting  the  cylindrical  stick  through  such  an     i  . 
arrangement  in  any  direction,  but  a  flat  nder  would  only    jl  t 
penetrate  it  in  two  directions.  If 

The  two  rays  of  light,  polarized  in  opposite  planes,  after 
emerging  from  a  rhombohedron  of  Iceland  spar,  may  be  repre- 
sented by  two  such  rulers  presented  to  the  bars  of  a  grating, 
in  opposite  directions,  as  in  fig.  288 ;  while  the  thin  edge  of 
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one  passed  freely  between  them,  they  would  present  an  im- 
passable barrier  to  the  other,  which  would  be  presented  to 
them  crosswise.  Supposing  the  grating  to  revolve  upon  its 
axis,  on  the  completion  of  the  first  quadrant,  the  first  would 
be  arrested,  and  the  second  would  pass ;  and  so  they  would 
alternately  pass  and  be  stopped  at  each  quadrant  of  the  turn. 
If  with  a  plate  of  toui-maline  we  examine  a  polarized  ray  of 
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•white  Kglit  as  it  passes  tlirougli  a  ciystallized  substance  having 
a  single  axis,  there  are  seen  rings  of  vaiious  prismatic  colours, 
that  change  as  the  position  of  the  tourmaline  is  altered.  On 
the  axis  of  the  toui-maline  being  brought  into  the  plane  of 
polarization,  then  a  rich  black  cross  is  seen  crossing  the  coloured 
rings ;  gradually  as  the  tourmaline  is  turned,  the  black  cross 
fades  away ;  and  when  in  the  opposite  direction,  the  white 
one  suppHes  its  place,  and  the  second  image  is  complementary 
to  the  previous  one. 

One  of  the  most  beautiful  phenomena  is  that  of  causing  a 
ray  of  polarized  light  to  traverse  a  thin  plate  of  mica  or  sulphate 
of  hme,  and  then  analyse  with  a  plate  of  tourmaline  in  that 
particular  position  in  which  without  the  plate  it  would  wholly 
disappear : '  the  ray  will  appear  coloured  with  the  tints  of  the 
spectrum  in  vivid  intensity,  and  these  may  be  varied  by  giving 
different  degrees  of  inclination  to  the  plate.    One  of  the  most 
perfect  specimens  of  this  phenomenon  that  we  have  seen  was 
a  copy  of  a  gorgeously  plumed  bird  of  the  parrot  tribe,  made 
by  Mr.  Holmes.    On  looking  at  the  plate  there  appeared  only 
a  kind  of  outline  stuck  upon  it ;  but  on  placing  it  so  as  to 
receive  the  polarized  ray,  the  brilliant  red,  purple,  and  yellow 
tints  start  forth  as  intense  as  in  nature,  with  every  feather  as  ap- 
•i  propriately  tinted.    This  was  effected  by  carefully  cutting  away 
1  parts,  so  that  different  thicknesses  of  mica  should  be  presented 
1  to  the  polarized  ray.    Instruments  employed  for  the  measure- 
iment  of  the  angle  of  polarization  are  called  jJoZamcopes. 

The  most  convenient  mode  of  repeating  the  experiments  of 
'Malus,  is  by  means  of  the  apparatus  represented  in  fig.  289. 
'This  consists  of  two  uprights  of  wood,  supporting  a  frame  1cm, 
<  constructed  like  a  common  looking-glass  frame.    A  circular 
iplate  of  wood,  g  h,  rests  on  the  piEars,  and  has  a  circular 
aperture  in  the  middle  about  three  inches  in  diameter ;  a  ring 
of  wood  e  f,  moveable  round  a  circular  projection  on  g  h, 
supports  two  pillars  ah,  between  which  rests,  by  means  of 
screws,  a  frame  c  d,  like  Ic  m,  but  somewhat  smaller.    A  slip 
of  paper  graduated  into  360°,  is  fixed  on  that  portion  of  gh 
which  projects  beyond  ef,  a  black  hue  being  marked  on  the 
Ater,  to  serve  as  an  index,  and  to  point  to  zero  on  the  gradu- 
_  ted  paper,  when  the  pillars  a  b  are  exactly  over  the  aperture 
in  the  centre  of  g  li,  to  serve  as  a  stage  on  which  objects  to  be 
submitted  to  the  action  of  polarized  light  may  be  placed. 
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A  thin  plate  of  window-glass  I,  blackened  at  the  back  with  a 
mixture  of  lamp-black  and  size,  is 
fixed  in  the  lower  frame  Ic  m,  and  a 
similar  one  in  cd.  The  former  is 
termed  the  polarizing,  and  the  latter 
the  analysing  plate.  As,  however, 
it  is  of  importance  to  obtain  as  bright 
a  beam  of  polarized  light  as  possible, 
it  is  better  to  make  the  lower  frame 
h  m  deeper,  and  to  place  in  it  a  dozen 
plates  of  Avindow-glass,  pressed  to- 
gether by  means  of  a  piece  of  wood 
at  the  back.  The  hindmost  plate 
should  be  blackened  at  the  back. 
By  this  contrivance  a  very  bright 
beam  of  reflected  polarized  light  may 
be  obtained.  This  instrument,  which 
was  first  suggested  by  M.  Biot,  is 
the  most  convenient  form  of  polari- 
scopc. 

Place  a  lighted  candle  at  a  short 
distance  from  the  polarizing  plate  I, 
and  adjust  the  latter  so  that  the  light  I'ig-  289. 

may  be  incident  upon  it  at  an  angle  of  56°  45';  then  by  means 
of  the  side-screws  fix  the  upper  or  analysing  plate,  so  that 
the  ray  reflected  from  I  may  be  incident  upon  it  at  the  same 
angle  of  56°  45'. 

Light  being  incident  on  I,  is  resolved  into  two  portions : 
one,  being  polarized  in  a  plane  perpendicular  to  the  plane  of 
reflexion,  and  mixed  with  much  common  light,  passes  througli 
the  glass  I,  and  is  absorbed,  the  undulations  being  checked  b}' 
the  black  paint  with  Avhich  its  back  is  covered.  The  other 
portion,  polarized  in  the  plane  of  incidence  and  reflexion,  is 
reflected  to  the  upper  plate  d,  and  thence  to  the  eye  of  the 
spectator  above  a  h,  who  sees  an  image  of  the  candle.  Tlion 
turn  round  the  plate  d,  still  keeping  it  at  the  same  angle,  liy 
moving  the  coUar  e/on  the  wooden  collar  g  h,  and  when  d  is 
at  right  angles  to  I,  the  image  of  the  candle  wUl  almost  entirely 
vanish.  This  might  be  indeed  anticipated,  for  the  ray  reflected 
from  I  is  polarized  in  the  plane  of  reflexion ;  but  this  plane  is 
now  perpendicular  to  the  plane  of  incidence  on  the  upper  plate 
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J,  and  as  there  is  therefore  no  motion  remaining  to  be  resolved 
\n  that  plane  of  incidence,  no  rays  are  reflected,  bnt  the 
]iolarized  ray  passes  through  the  glass,  and  is  absorbed  by  the 
ttlack  paint  at  its  back;  so  that,  in  looking  at  «  6  in  this  posi- 
tion, scarcely  a  vestige  of  light  is  to  be  seen  reflected  from  it. 
•  >ii  moving  a  h  round  through  another  angle  of  90°,  the  light 
'id  figure  of  the  candle  will  reappear  in  d,  as  the  planes  of 
•lorization  and  reflexion  coincide,  being  both  identical  with  a 
I  une  passing  thi-ough  d  I.    At  the  intermediate  arcs  of  reta- 
in, the  light  in  d  will  decrease  or  increase  in  intensity, 
cording  as  it  approaches  to,  or  recedes  from,  the  position. 
A  very  instructive  mode  of  analysing  the  polarized  ray  after 
t  has  passed  a  film  of  selenite,  is  to  transmit  it  through  a 
hombohedron  of  calcite;  the  transmitted  ray  will  be  divided 
to  two  coloured  images,  which  will  be  both  visible  at  the 
rae  time.    The  red  and  green  images  are  complementary  to 
'.h  other,  and,  if  super- 
)sed,   would  constitute 
irhite  light ;  this  may  be 
roved   by   holding  the 
'cite  at  a  proper  di- 
a,nce,  when    the  two 
ages  win  partly  over- 
p  each  other,  producing 
hite  light,  as  in  fig.  290. 
a.  this  accoimt  no  colours 
ere  seen  when  the  sele- 
'te  was  viewed  without  Fig.  290. 

e  analysing  plate  (fig.  289)  or  calcite,  as  hoth  rays  then 
ached  the  eye  together,  and  produced  a  white  image. 
In  the  above  experiments  with  selenite  or  mica,  the  rays  of 
cident  polarized  light  were  nearly  parallel;  if,  however, 
ey  are  convergent,  and  enter  a  crystal  so  as  to  traverse  its 
.tic  axis,  a  new  and  splendid  series  of  phenomena  becomes 
'siblo. 

l^Let  common  light  be  incident  on  a  plate  or  a  series  of  plates 
f  glass  a  b  (fig.  291),  placed  on  a  black  surface  at  the  polari- 
g  angle,  so  that  a  bright  beam  of  polarized  light  may  bo 
ectcd  to  the  eye  at  c,  which  thus  is  placed  at  the  apex  of  a 
e  of  rays.  If  a  thin  plate  of  a  double  refracting  crystal,  as 
cite,  cut  at  right  angle  to  its  axis,  be  placed  at  f^,  it  is  obvioua 
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that  the  rays  of  polarized  light  will  traverse  it  with  various 
degrees  of  obliquity,  and  thus  virtually  permeate  different 


Pig.  291. 

thicknesses  of  the  section.  The  central  rays  which  pass 
through  the  optic  axis  do  not  suffer  double  refraction,  and 
therefore  will  appear  to  the  eye  at  c  the  same  as  if  no  crystal 
had  been  present;  but  the  other  rays,  which  pass  a  little 
obliquely  through  the  crystal,  will  undergo  double  refraction, 
each  being  resolved  into  an  ordinary  and  extraordinary  ray,  as 
is  the  case  with  ordinaiy  light. 

These  rays,  however,  reaching  the  eye  together,  will  not 
produce  any  colour,  and  cannot  be  distinguished  from  common 
light.  To  render  the  phenomena  of  coloured  polarization 
obvious,  an  analysing  eye-piece  must  be  placed  between  the 
plate  of  doubly  refracting  crystal  and  the  eye.  Let  this  be  a 
plate  of  tourmaline  or  agate,  so  placed  as  not  to  transmit  the 
polarized  light  reflected  from  a  h,  if  the  crystal  cl  were  absent. 
It  will  be  found  that  the  light  reflected  from  a  h  has  under- 
gone some  physical  change  whUst  traversing  d,  as  some  of  it 
has  acquired  the  power  of  passing  through  the  analysing  plate 
of  tourmaline,  and  a  beautiful  symmetrical  image,  painted 
with  the  most  gorgeous  colour's,  becomes  visible ;  this  image 
is  composed  of  a  series  of  concentric  coloured  curves,  and 
traversed  by  a  black  cross  (fig.  293).  Let  the  tounnahne  be 
then  turned  round  90°,  and  an  image  complemeutary  to  the  first 
will  be  visible,  its  black  cross  being  replaced  by  a  white  one. 

"  Theoriginof  these  beautiful  colouredrings,"saysMr.  Brooke, 
"  may  bo  thus  explained ;  the  rays  which  do  not  pass  through 
the  optic  axis  arc  di\dded  into  two  pencils,  an  ordinary  and 
extraordinary,  polarized  in  different  planes,  and  hence  one 
series  is  absorbed  and  the  other  transmitted  by  a  tourmaline 
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plate,  according  as  it  is  held  so  as  to  transmit  or  absorb  the 
originally  polarized  ray ;  but  this,  although  sufficient  to  explaia 
the  production  of  two  images,  is  not  sufficient  to  explain  the 
phenomena  of  coloured  rings.    It  must  be  recollected  that  the 
rays  pass  through  the  plate  of  the  crystal  cl  with  various 
degrees  of  obliquity,  and  hence  some  suffer  more  in  the  rapidity 
;)f  their  motion  than  others,  or,  in  other  words,  undergo  a 
iiffercnt  amount  of  retardation ;  the  rays  are  thus  placed  in  the 
.  rery  condition  required  for  the  phenomena  of  interference,  and 
.he  consequent  production  of  coloured  fringes,  as  in  the  case 
>f  common  light.    The  ordinary  rays  being  polarized  in  the 
ame  plane,  mutually  interfere  to  produce  one  of  the  coloured 
ages,  and  the  extraordinary  interfere  to  produce  the  other  ; 
he  two  images  being  complementary  to  each  other,  and,  if 
ipcrposed,  produce  white  hght.    The  figure  of  the  rings 
suits  from  the  rays  which  penetrate  the  crystal  at  equal 
inces  from  the  optic  axis,  passing  through  similar  thick- 
jsses  of  the  plate,  and  consequently  undergoing  the  same 
ount  of  retardation,  and  producing  similar  tints  at  equal 
stances  from  the  centre.    The  singular  appearance  of  the 
ack  cross  is  owing  to  the  rays  which  traverse  the  crystal  in 
f  e  direction  of  the  plains  of  primitive  polarization  emerging 
•ichanged,  and  in  these  two  directions  the  dark  blue  or  black 
pearance  presented  by  the  reflector  a  h,  fig.  291,  when  viewed 
ough  the  analyser  alone,  will  be  visible  as  the  arms  of  a 
ck  cross." 

The  beautiful  figures  visible  in  unannealed  glass  are  ren- 
ed  more  brilliant  by  allowing  the  polarized  ray  to  pass 
ce  through  the  piece  submitted  to  experiment.    For  this 
^rpose,  the  very  simple  apparatus  for  polarizing  light  pro- 
ed  by  Lecount,  can  be  conveniently  employed  ;  it  consists 
a  small  looking-glass  a  (fig.  292),  i)laced  on  the  table,  and 
le  6  fastened  to  the  mirror  by  a  hinge  at  c,  containing 
ten  plates  of  common  plate  window-glass,  which  is  fixed 
an  inclined  position  to  the  mirror  by  means  of  a  support  d. 
piece  of  unannealed  glass  is  placed  on  the  mirror,  and  it 
iewcd  in  the  direction  ef,  when  the  figures  become  beauti- 
ly  distinct,  the  rings  being  much  more  numerous  than 
en  examined  in  the  ordinary  manner.    Common  light  is 
dent  on  h  in  the  direction  g  f,  and  is  di-s-idcd  into  two 
sitely  polarized  rays,  one  of  which  is  transmitted,  and  the 
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figure 


Pig.  292. 


other  is  reflected  towards  the  mirror,  passing  in  its  course 
through  the  unannealed  glass 
plate ;  from  the  mirror  it  is 
reflected  black  again,  passing 
through  the  plate,  and  being 
partly  depolarized,  passes  in 
part   through    the  j  inclined 
glass   plates,  rendering   the   y  ■• 
visible  from  e. 
Jelly,  solutions  of  gum,  and 
albuminous  fluids,  allowed  to 
evaporate  spontaneously,  so  as 
to  leave  an  indurated  mass, 
also  exhibit  the  four  coloured 
sectors,  traversed  by  a  black  cross. 

Many  crystals  possess  two  optic  axes  ;  these  constitute  by  far 
the  greater  portion  of  natural  and  artificial  crystallized  pro- 
ducts. When  the  inclination  of  the  axes  is  small,  both 
systems  of  rings  can  be  seen  at  once.  To  show  these,  take  a 
crystal  of  nitre,  and  by  means  of  a  fine  saw  cut  off  a  thick 
plate  at  right  angles  to  the  axis  of  the  prism.  The  best  mode 
of    rendering    this  _  ^ 

sufiiciently  thin,  is 
to  rub  it  on  a  fine 
file  moistened  with 
water.  A  plate  one- 
sixth  of  an  inch  in 

thickness  can  thus  ^ 
be  procured,  and  ^ 
should  be  preserved  Fig.  293.— Nitre, 

between  two  thin  plates  of  glass  cemented  together  with 
Canada  balsam.  The  two  systems 
of  rings  are  beautifully  distinct, 
and  si^lendidly   coloured  (fi^ 
293).  When  the' 
the  two  axes  of  a  crys 
clined45°tothe  plane  of  primitive 
polarization,  the  cross  seen  as  first 


coloured  (fig.  ^--"s^^^^^^Ki 
:  line  connecting  f/^^^^^%^^g^^^^^. 
a  crystal  is  in-  liU^l?/  9  J  %W%S3lfif)l 


described  on  revolving  the  nitre 
opens  and  gradually  assumes  the 
form  of  two  hyperbolic  curves  (fig. 


Fig.  294.— Nitro. 
294).    But  if  the  toui-ma- 
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line  be  revolved,  the  black  crossed  lines  will  be  replaced  by 
white  spaces,  and  the  red  rings  by  green  ones,  the  yellow  by 
indigo,  and  so  on. 

It  is  the  internal  crystalline  structure  of  a  transparent 
medium  produces  the  appearances  seen  on  passing  through  it 
a  polarized  ray.  Glass,  when  heated  and  suddenly  cooled,  from 
the  outside  being  fii'st  hardened,  and  the  inside  struggling  as 
:  it  were  vainly  to  mould  the  ovitside  to  its  shape  on  losing  the 
expansion  given  it  by  heat,  presents  a  curious  appearance ;  this 
r  again  is  varied  with  the  form. 

A  shp  of  glass,  previously  without  action 
on  polarized  light,  developes  a  series  of 
t  tints,  by  bending  it  or  submitting  it  to 
p  pressure.    Fig.  295  represents  a  square 
piece  of  unannealed  glass;  when  a  polarized 
beam  is  transmitted  through  it,  there  are 
seen  at  its  four  angles  small  cii'cular  figures 
eparated  by  a  large  black  cross.  When 
•the  glass  is  rectangular  the  circular  figures 
ippear  at  the  comers,  and  parallel  to  the  ~ 
^eater  sides,  instead  of  the  cross,  there  appear  coloured  bands. 
"When  the  shape  is  round  (fig.  296)  there  are  coloured  rings 
id  a  large  cross  intersecting  them ;  and 
."18  the  shape  is  altered  from  square  to 
•  ound,  or  from  round  to  square,  so  do 
ihe  appearances  change.  When  the  glass 
( 8  perfectly  annealed,  that  is,  cooled  very 
[•ilowly,  these  appearances  are  totally 
fcost. 

Circular  polarization  has  discovered 
lat  the  rays  of  each  colour  are  polarized 
I  a  difi'erent  planes,  and  detected  dif- 

Ir3rence8  in  the  composition  of  substances  that  the  utmost  art 
I  f  the  analytical  chemist  could  not  discover ;  for  by  this  light, 
;  is  not  the  mere  structure  but  the  nature  of  the  particles 
l^hat  is  elucidated. 

Ono  of  the  most  interesting  contributions  to  science,  for 
t'hich  we  are  indebted  to  Dr.  Faraday,  is  the  discovery  of  the 
I xcitemcnt  of  a  molecular  change  in  certain  substances,  as  glass, 
'atcr,  alcohol,  oil,  when  under  the  influence  of  the  magnetic 
•rce,  sufficient  to  cause  the  rotation  of  a  polarized  ray.  To 


Fig.  296. 
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show  this  with  the  magnet,  a  piece  of  flint-glass,  a  (fig.  297), 


Fig.  297. 

or  mnch  better,  a  slip  of  heavy  glass,  the  fused  borate  of  lead, 
2  inches  square  and  0*5  inch  thick,  is  placed  between  the 
poles  «  s  of  a  powerful  electro-magnet,  so  that  the  lines  of 
force  may  pass  through  the  length  of  the  glass,  A  ray  of 
light,  h  d,  is  polarized  in  a  vertical  plane  by  reflexion  from  a 
piece  of  blackened  glass  d,  and  passing  through  the  glass  cr,  is 
examined  at  d  through  a  Nicol's  prism.  So  long  as  the  bars 
n  and  s  are  not  magnetic,  the  ray  is  transmitted  or  extinguished 
as  usual  during  the  revolution  of  the  prism.  Let  this  be  then, 
turned  so  that  the  ray  is  darkened,  then  on  connecting  the 
wires  c  z  with  the  battery,  the  bar  instantly  becomes  magnetic, 
and  the  ray  becomes  visible.  It  will  be  necessary  to  revolve 
the  prism  to  the  right  to  extinguish  the  ray  which  has,  undej! 
the  influence  of  the  developed  magnetism,  been  made  to  revolve. 
If  the  north  pole  be  next  the  observer,  the  ray  will  revolve  to 
the  right ;  but  if  this  position  be  reversed,  it  will  revolve  to  the 
left. 

The  polarizing  apparatus  shown  in  fig.  298  is  both  simp 
and  useful  for  the  examination  of  fluids,  consisting  of  a  bun 
of  plates  of  window-glass  c,  as  a  polarizing  mirror,  fixed  to 
ann,  admitting  of  ready  motion,  and  supported  by  a  sere 
from  a  common  retort-stand ;  immediately  before  this  a  narro 
strip  of  silvered  glass  must  be  placed  to  receive  the  rays 
light,  from  whence  they  are  sent  to  the  polarizing  bundle  o 
glass;  above  this  is  a  tube  of  brass  h,  an  inch  in  diameter, 
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and  eight  inches  long,  closed  at  its  lower  end  with  a  plate  of 

glass,  and  holding  the  fluid  to  be 

examined.    The  transmitted  ray 

is  analysed  by  an  eye-piece  a, 

consisting   of   a  single-image 

prism,  or  bundle  of  thin  glass 

plates,  capable  of  being  placed  at 

any  azimuth. 

The  action  of  oil  of  turpentine 

is  much  less  intense  than  that 

of  quartz,  in  the  proportion  of  1 

to  68-5 ;  hence  the  necessity  of 
.  using  a  tube  full  of  the  oil,  so  as 
•  to  form  a  fluid  column  about  six 

or  eight  inches  high.  For  some 
;  purposes  it  is  desirable  to  use  a 
ttube  of  glass,  in  place  of  the 
i  brass  tube  h ;  and  where  the 
r  rotating  power  of  the  fluid  is 
^very  feeble,   a   much  greater  j,.  ^gg 

length  of  tube  than  eight  inches 

is  necessary.  Different  substances,  and  sometimes  different 
specimens  of  the  same  substance,  rotate  the  plane  of  polariza- 
tion in  contrary  directions.  "When  the  rotation  takes  place  in 
.  the  direction  of  the  motion  of  the  hands  of  a  watch,  the  medium 
is  said  to  have  right-handed  polarization. 

Some  organic  products  turn  the  plane  of  polarization  from 
•left  to  right ;  this  is  seen  by  using  homogeneous  light,  which 
for  practical  purposes  may  be  effected  with  sufficient  accuracy, 
;jy  observing  the  rotation  through  a  piece  of  glass  coloured  red 
by  protoxide  of  copper,  and  which  transmits  scarcely  any 
.vjxcopt  the  extreme  red  rays.    By  operating  in  this  manner, 
'M.  Biot  has  succeeded  in  detecting  the  property  of  circular 
■jolarization  in  a  large  number  of  fluids;  and  he  has  even 
ipplied  this  property  to  organic  chemistry,  as  a  mode  of  di- 
itinguishing  between  closely  allied  organic  products,  as  the 
lifferent  varieties  of  gums  and  sugars.    In  the  following  Table 
ire  the  results  of  Biot's  experiments ;  the  position  of  the  points 
)f  the  daggers  in  the  third  column  indicates  the  direction  of 
he  rotation  of  the  planes  of  polarization  observed  through  red 
;las8. 
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Rotation. 

Fluid. 

Height  of 

Specific 

Arc. 

Direc- 
tion. 

column. 

gravity. 

A  PiO 

-i- 

6-0  in. 

Otc 

•h- 

60 

-t- 

60 

(') 

-j- 

6-4 

10(1° 

4— 

6-0 

— +* 

60 

V  ) 

•~h 

60 

1  90  /lAI 

'ixJ 

-i- 

6-4 

Solution  of  cane-sugar  in  water  . 

23°  5' 

+- 

60 

1-105 

Solution  of  sugar  of  milk  .    .  . 

10°  3' 

+- 

60 

1054 

^' 

-h 

6-0 

-i- 

63 

3°  33' 

-1- 

6-3 

Solution  of  tartaric  acid  in  equal 

8°  5' 

6-3 

Sir  David  Brewster,  in  1815,  discovered  that  polished  plates 
of  gold  and  silver  possessed  the  property  of  dividing  polarized 
rays  by  successive  reflexions  into  their  complementary  colours. 
To  show  this,  the  plane  of  reflexion  must  be  inclined  45°  to 
that  of  polarization  before  the  brilliant  complementary  colours 
are  seen,  when  analysed  in  the  way  already  pointed  out.  This 
is  termed  eUijjtic  polarization ;  and  the  angle  of  polarization  is 
found  to  differ  with  diffierent  metallic  substances. 

The  polariscope  used  by  the  sugar-manufacturer  to  discover 
the  quantity  of  saccharine  matter  in  the  juice  of  the  beet-root; 
by  the  brewer,  to  learn  the  amount  of  sugar  in  the  wort ;  and 
by  the  medical  professor,  the  extent  of  sugar  in  the  secretions 
of  the  diabetic  patient,  from  which  knowledge  he  learns  the 
effect  of  his  treatment  in  this  fearful  malady, — ^is  that  contrived 
by  Professor  Powell,  and  is  thus  described  by  him : — "  The 
apparatus  (fig.  299)  is  fixed  vertically  upon  any  convenient 
support.  The  light  from  a  flame  or  from  the  sky  is  thrown 
into  the  required  direction  by  two  small  plane  mirrors  sP, 
inclined  at  the  proper  angle  to  the  axis.  It  thence  passes 
through  a  small  aperture  up  the  axis  of  the  brass  tube  t  t,  va 
which  is  enclosed  a  common  test-tube,  from  6  to  12  inches  in 
length,  filled  with  the  liquid  under  examination. 

The  analysing  part  a  consists  of  a  graduated  rim  w,  for 
measuring  the  rotation  of  the  index  v,  attached  to  the  tube 
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contaiaing  a  rhomb  of  Iceland  spar  b,  at  least  one  inch  or 
three-fourths  thick,  in  its  natural 
state;  having  a  small  hole  at  the 
bottom  of  the  tube,  through  which 
the  Ught  is  admitted.  In  the  upper 
part  another  tube  slides  carrying  a 
lens  L,  which  magnifies  the  separa- 
tion of  the  images,  and  gives  two 
sufficiently  large  well-defined  cir- 
cular images  in  which  aU  the 
changes  of  tint  can  be  accurately 
observed. 

The  wood  supports  are  omitted 
in  the  figure ;  means  should  also  be 
provided  for  measuring,  as  accu- 
rately as  possible,  the  length  of 
liquid  traversed  by  the  ray  in  the 
tube. 

Mr.  Woodward  gave  popular 
lectures  on  the  polarization  of  light, 
which  were  afterwards  published, 
with  instructions  for  using  his 
polariscope  and  microscope  combined. 

Mr.  Woodward  made  use  of  an  instrument  so  arranged  that 
it  is  easily  illuminated  by  a  candle  or  argand  lamp  placed  on 
the  table,  as  in  the  case  of  an  ordinary  microscope ;  or  with 
tthe  addition  of  suitable  condensers,  it  is  attached  to  the 
1  lantern  of  the  hydro-oxygen  apparatus,  and  exhibited  either 
as  a  gas  polariscope  or  microscope  in  the  lecture-room. 

Fig.  300  is  a  brass  cap  fitting  on  at  a,  and  enclosing  a  piece 


Pig.  .300.  Fig.  301. 

of  ground  glass,  to  disperse  the  light  of  the  candle  or  lamj) 
ed  as  an  illuminator. 
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A  B  (fig.  301)  represent  the  body  of  the  polariscope  formed 
of  two  tubes  three  inches  in  diameter,  each  inclined  at  the 
polarizing  angle  for  glass,  viz.  56°  45' ;  c  is  the  polarizing  plates, 
consisting  of  eight  pieces  of  thin  white  window-glass,  the 
lowest  being  blackened,  to  absorb  the  transmitted  rays  of  light. 
These  are  attached  to  the  polariscope  by  screws  c,  and  can  be 
removed  at  pleasure. 

In  fig.  302  A  is  a  tube  fitting  on  at  b  (fig.  301),  and  fixed  by 
a  bayonet-catch ;  b,  the  stage  attached  to  and  revolving  ai-ouiid 
the  tube  a,  the  objects  being  kept  in  position  by  the  springs  c  c. 

Fig.  303  is  the  magnifying  power,  to  be  screwed  into  the  stage 
B  (fig.  302) ;  it  is  composed  of  two  lenses,  the  first  being  a  plano- 
convex lens  of  2i  inches  diameter  and  3|  inches  focus,  and 
the  second,  slightly  crossed,  of  1|  inch  diameter  and  2|  inches 
focus.  By  a  crossed  lens  is  imderstood  a  double-convex  lens, 
the  two  sides  of  which  are  segments  of  circles  of  different 
diameters. 


Fig.  302. 


Pig.  303. 


Fig.  30-1. 


Fig.  304  is  a  higher  magnifying  power,  composed  of  two 
crossed  lenses,  the  first  having  a  diameter  of  1|  inch  and  focus 
of  2|  inches,  and  the  second  a  diameter  of  1^ 
inch  and  focus  of  2  inches. 
■  The  toui-maline,  or  other  analysing  plate,  is 
made  to  tui'n  freely  in  a  short  tube  a  a  (fig.  305), 
projecting  from  the  eye-lens  of  the  power; 
the  focus  is  adjusted  by  a  rack  and  pinion,  or 
by  sliding  one  tube  in  the  other. 

A  box  9  inches  high,  and  about  11  inches 
long  by  7  wide,  will  contain  the  whole,  and 
may  be  conveniently  fitted  as  a  stage  to  raise  the  polariscope 


Fig.  305. 
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to  a  convenient  height  for  illuminating  and  viewing  objects  on 
the  table.  Fig.  306  represents  the  apparatus  properly  con- 
nected and  adjusted  for  use. 


Fig.  306. — Woodward  Polariscope. 

The  instrument  arranged  with  the  lowest  power  affords  an 
extensive  field  of  view,  and  is  thus  weU  adapted  for  exhibiting 
the  various  effects  produced  by  the  different  forms  and  thick- 
nesses of  selenite  and  unannealed  glass,  and  for  illustrating 
the  interesting  phenomena  of  polarised  light  generally.    It  is 
also  calculated  for  viewing  such  crystals  of  salts  as  have  been 
allowed  spontaneously  to  crystaULze  on  glass  ;  but  the  arrange- 
ent  must  be  altered  for  observing  the  phenomena  connected 
'th  the  crystals  of  calc-spar,  nitre,  quartz,  &c.    In  the  first 
e,  the  lens  or  power  is  used  to  bring  the  image  of  the  object 
to  a  focus ;  in  the  other,  it  is  merely  required  to  cause  a  great 
iivergence  of  the  rays  passing  through  the  crystals ;  hence 
ihe  sUde  containing  them  must  either  be  placed  immediately 
etween  the  eye-piece  and  analyser  by  means  of  a  small  stage 
ttached  to  the  tube  a  a  of  the  power,  or  the  stage  and  power 
nust  be  removed,  and  there  must  be  inserted  instead,  a  double- 
jonvex  lens  of  two  inches  focus,  with  a  stage  and  analyser  so 
irranged  that  the  crystals  may  be  placed  just  within  the  focus 
f  the  lena,  and  immediately  under  the  analyser.    In  either 
ase,  a  much  larger  field  of  view,  and  consequently  a  more 
autifiil  display  of  coloured  rays,  will  bo  developed  than  is 
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obtained  by  the  ackromatic  microscope.  A  single  plate  of 
blackened  glass  may  be  occasionally  laid  on  the  bundle  of 
plates  (with  the  intervention  of  a  piece  of  chamois  leather  to 
prevent  injiuy),  and  substituted  with  advantage  as  a  polarizer 
in  cases  where  perfect  polarization  is  more  important  than 
intensity  of  light. 

By  removing  the  analyser  and  the  polarizing  plates,  and 
substituting  for  the  former  a  cap  or  stop,  with  an  aperture  of 
^  inch  diameter,  and  for  the  latter  a  silvered  reflector,  or  in 
other  words  a  looking-glass,  the  polariscope  is  immediately 
converted  into  a  microscope  of  low  power,  which  will  include 
within,  its  field  aU  the  parts  of  a  large  object,  such  as  a  butterfly 
Avith  its  wings  expanded,  the  breathing  apparatus  of  a  dytiscus, 
a  fern-branch,  dassected  leaf,  &c. ;  and  thus  exhibit  at  one 
view  their  relative  proportions  and  connexions. 

No  series  of  objects  exhibits  the  tints  of  polarized  Hght  more 
beautifully  than  the  crystalline  lenses  of  animals,  especially 
of  fishes;  to  examine  these,  they  should,  to  prevent  their 
bringing  the  incident  rays  to  a  focus,  be  immersed  in  a  glass 
vessel  containing  glycerine,  or  some  fluid  possessing  nearly  the 
same  refractive  power  as  the  lens.  The  crystalline  lens  of  the 
cod-fish  exhibits  twelve  beautiful  coloured  sectors,  separated 
by  two  dark  concentric  circles  of  no  polarization,  and  traversed 
by  a  black  cross. 

Fragments  of  ordinary  quills,  and  other  indurated  animal 
structures,  exhibit  all  the  varying  tints,  when  submitted  to  the 
action  of  polarized  Hght,  in  a  very  beautiful  manner. 

Many  interesting  results  may  be  obtained  by  examining 
sections  of  organized  structures,  or  minute  crystals,  in  a  polar- 
izing microscope ;  all  that  is  required  for  this  purpose  is  to 
place  under  the  stage  of  an  achromatic  microscope  a  Nicol's 
prism,  a  plate  of  tourmaline,  or  a  bundle  of  glass  plates,  when 
by  one  or  other  of  these  means  the  Hght  transmitted  through 
any  object  on  the  stage  wiU  be  rectiHnearly  polarized.  Thel 
analyser  should  be  a  short  Nicol's  prism,  fixed  over  the  dia- 
phragm in  the  body  of  the  microscope  ;  or  as  this  must  slightly 
interfere  with  the  achromatism  of  the  instiiiment,  the  same,  or 
a  thin  plate  of  brown  tourmaHne,  may  be  placed  over  the  eye- 
glass. In  this  manner  the  molecular  arrangement  of  qmlls> 
homs,  hoofs,  teeth,  and  other  animal  structures,  is  most 
beautifully  developed. 
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A  magnificent  class  of  objects  for  the  polarizing  microscope 
iis  found  in  ciystals  of  different  doubly  refracting  bodies  depo- 
s  sited  on  glass  plates,  by  allowing  tbeir  dilute  watery  solutions 
t  to  evaporate  spontaneously.  To  preserve  them  they  should  be 
covered  with  a  second  plate  of  glass,  some  Canada  balsam 
b being  allowed  to  run  between  them.  Chlorate  of  potass,  nitre, 
ssaHcine,  acetate  of  lead,  sulphate  of  copper,  and  ferrocyanide 
oof  potassium,  are  objects  of  really  gorgeous  beauty  when  thus 
J  examined.  Other  bodies,  as  calcite,  exhibit  the  coloured  rings 
traversed  by  a  black  cross,  and  are  peculiarly  beautiful. 

The  light  of  the  sun  reflected  by  the  atmosphere  is  more  or 
.ess  polarized,  depending  upon  the  angular  distance  from  the 
iTin.    If  we  look  at  the  sky  through  a  Nicol's  prism,  we  shall 
d,  on  rotating  the  prism,  that  light  from  some  parts  of  the 
is  polarized  to  a  very  appreciable  extent.    Arago  showed 
,t  some  of  the  double  stars  were  double  suns,  and  other 
flanets  reflected  light  by  polarizing  the  light  from  those  bodies. 
The  wnter-telescope  consists  of  an  ordinary  marine  telescope, 
ith  a  Nicol's  prism  inserted  in  the  eye-piece.    The  light 
ected  from  the  surface  of  the  water  is  the  principal  obstruc- 
.on  to  viewing  objects  beneath  its  surface.    Nicol's  prism,  in 
I  certain  position,  entirely  cuts  off  the  polarized  portion  of  the 
"ected  hght,  and  allows  objects  far  below  the  surface  to  be 
en  with  the  telescope.    Indeed  the  practical  applications  of 
_5olarized  Ught  are  as  numerous  as  the  phenomena  presented 
ly  it  are  deeply  interesting ;  it  aids  in  the  analysis  of  animal, 
(Vegetable,  and  mineral  structures,  leading  to  a  knowledge  of 
hich  evea  the  prediction  is  most  startling.    "  If  you  can 
e  and  twist  a  ray  of  light  and  prove  it  to  have  sides,  the 
overy  may  be  a  curious  fact,  but  of  what  good  is  it  to 
lociety?"    Perhaps  at  first  the  discoverer  might  have  been 
lonplused  to  find  an  answer;  but  we  now  know  that,  by 
.oo^g  through  a  piece  of  selenite  at  the  northern  sky,  the 
lolar  time  may  be  correctly  ascertained.    Place  in  the  hands 
)f  a  seaman  a  polarizing  prism,  and  there  need  no  longer  be 
:he  purgatory  of  the  mast-head,  as  from  the  deck  the  shoals 

tmd  rocks  at  the  bottom  of  the  ocean  may  be  seen.  He  whose 
ivelihood  depends  on  entrapping  the  denizens  of  the  sea,  may 
ietect  their  whereabouts  by  observing  the  difference  in  the 
xindition  of  the  reflecting  surfaces  of  the  water.    A  glass  may 
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such  conditions,  by  means  of  polarized  light,  as  the  annealed 
and  unannealed  present  different  aspects  when  so  viewed. 
The  unannealed  piece  of  glass  shown  in  a  former  page  would 
easily  break  at  every  point  where  a  set  of  the  coloured  rings  are 
seen.    The  farmer  may  ascertain  at  what  period  his  crop  is 
richest  in  saccharine  matter ;  the  brewer  and  distiller  know 
when  their  preparations  are  of  the  greatest  excellence,  and 
thus  economize  their  time  and  labour,  while  they  benefit  by 
the  superiority  of  their  produce.    By  it,  too,  we  know,  from 
the  colours  exhibited  in  transparent  or  mineral  substances, 
whether  the  sun's  light  comes  from  a  solid  mass  or  gaseous 
envelope,  and  whether  the  comets  shine  by  their  own  or  a 
borrowed  light.    Still,  almost  more  wonderful  are  its  powers 
of  revelation  in  that  department  of  science  termed  palaeon- 
tology, as  wo  can  at  once  decide  by  a  crystal  or  particle  of  bone, 
what  the  microscope  alone  cannot  so  accurately  distinguish, 
whether  the  substance  belonged  to  the  fowl,  flesh,  or  fish 
tribe ;  whether  to  a  biped  or  quadruped,  hoofed  or  clawed ;  to 
the  mineral  or  vegetable  kingdoms.    What  the  ultimate  results 
of  tliis  splendid  discovery  in  science  may  be,  it  is  impossible 
even  to  conjecture. 

CHAPTER  X. 

ELECTEICITY. 

Common  or  Frictional  Electricity. 

Five  hundred  and  fifty  years  before  the  birth  of  Christ,  Thales, 
one  of  the  seven  wise  men  of  Greece,  founder  of  the  Ionic  sect, 
which  distinguished  itself  for  its  deep  and  abstruse  philoso- 
phical speculations,  discovered  that  amber,  on  being  excited  by 
friction,  possesses  the  remarkable  principle  of  attracting  certain 
light  bodies  towards  it,  which  he  imagined  to  be  a  kind  of 
animation  peculiar  to  the  substance. 

The  ancients  were  vaguely  conversant  with  the  influence 
which  heat  exercised  on  the  production  of  electrical  phenomena. 
Pliny — that  repertory  of  the  knowledge  and  ignorance  of  his 
time — mentions  the  hard  violet,  or  deep  red  stone,  which, 
when  heated  in  the  sun,  or  rubbed,  attracts  small  light  bodies. 
At  the  end  of  the  seventeenth  century,  some  Dutch  merchants 
brought  from  Ceylon  a  peculiar  stone,  which  was  called  tour-  i 
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namal,  or  ash-attractor,  because,  whea  placed  upon  heated 
ashes,  it  attracted  them  and  then  immediately  repelled  them, 
although  with  cold  ashes  no  such  effects  were  visible.  This 
stone  we  now  know  as  the  mineral  tourmaline.    In  1757 
^piaus,  having  two  polished  tourmalines  to  set  in  a  ring, 
instituted  a  series  of  experiments,  and  thereby  established  the 
first  laws  of  the  development  of  electricity  by  heat.  He 
proved  the  presence  of  free  electricity  in  the  heated  tourmaline, 
by  the  attraction  and  repulsion  it  successively  exercised  upon 
light  bodies.    He  even  drew  a  spark  from  it,  which  was  visible 
in  the  dark.    But  the  most  important  observation  he  made 
was  of  the  simultaneous  presence  of  two  electricities  in  the 
1  same  tourmaline,  one  being  confined  in  one  part,  the  other  in 
:  another,  these  two  constituting  the  electric  poles.   He  further 
1  conceived  that  those  electric  poles,  in  the  unequally  heated 
1  tourmaline,  are  contrary  to  what  they  are  in  the  equally 
1  heated  tourmaline.    Canton  cleared  up  the  contradictions  by 
{proving  that  it  is  not  the  absolute  temperature,  but  the  change 
tof  temperature  which  renders  the  tourmaline  electric;  the 
eelectricity  of  each  pole  varies  according  as  the  change  is  a 
bheating  or  a  cooling.    Bergmann  completed  this  view  by 
ashowing  that  when  the  tourmaline  is  placed  in  a  medium  of 
its  own  temperature,  whatever  that  may  be,  it  is  never  elec- 
ieal ;  transported  into  a  colder  mediimi,  it  immediately  ao- 
Jiuires  the  two  electric  poles,  which  state  ceases  as  soon  as  the 
^urmaline,  having  abandoned  its  superior  heat,  is  of  the  same 
Iremperature  as  the  medium.    This  important  law  is  not  only 
le  for  the  crystal  as  a  whole,  but  equally  so  for  each  of  ite 
lolecules  separately,  so  that  if  the  two  poles  are  arranged  so 
khat  one  is  heated  while  the  other  is  cooled,  they  have  the 
le  electricity  at  the  same  time. 

It  is  remarkable,  that  although  the  discovery  of  the  exist- 
ice  of  electricity  is  of  very  remote  date,  yet  that  hardly  any 
attempts  were  made  to  inquire  into  its  principles,  and  raise  it 
1 0  the  dignity  of  a  science,  until  the  middle  of  the  last  century, 
rrom  that  period  it  has  formed  one  of  the  most  pleasing  sub- 
fscts  of  philosophical  investigation,  and  its  progress,  conse- 
k.uently,  has  been  most  rapid ;  it  has  laid  bare  many  truths  in 
khe  secrets  of  nature,  and  now  enters  most  intimately  into  the 
pcial  affairs  of  nations. 
Boyle  is  generally  believed  to  have  been  one  of  the  first 
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persons  who  produced  the  electrical  light  by  rubbing  a  diamond 
in  the  dark.  Otto  Guericke,  Dr.  Wall,  and  Sir  Isaac  Newton, 
added  somewhat  to  our  knowledge  on  the  subject.  Mr.  Grey, 
in  1  /  28,  made  a  variety  of  experiments  that  were  corroborated 
by  M.  du  Pay  in  Paris.  In  1747  Franklin  made  several  dis- 
coveries, and  in  1752  ventured  to  draw  lightning  from  the 
heavens  and  demonstrate  that  it  was  electricity.  The  '  Trans- 
actions of  the  Eoyal  Society'  for  the  year  1770  prove  the 
industry  with  which  Cavendish  pursued  the  science,  and  the 
important  results  he  achieved.  To  the  discoveries  of  Galvani, 
followed  by  those  of  Volta  at  the  close  of  the  last  century,  we 
owethe  commencement  of  thescience termed  Electro-chemistry: 
Davy's  assiduous  labours  in  analysis  established  it  as  one  of 
the  most  useful  branches  of  physical  science.  The  experiments 
of  Wheatstone  have  developed  many  wonders ;  and  with  the 
history  of  this  science  and  electro-magnetism,  discovered  by 
Oersted,  Faraday  has  imperishably  linked  his  name  to  all 
posterity. 

The  term  Electricity  is  derived  from  the  Greek  word  electron, 
signifying  amber ;  in  Latin  electrum. 

Nature  of  Electricity. 

Electricity  is  a  property  of  matter,  or  a  power  existing  in  it. 
It  is  an  imponderable  agent,  and,  like  Hght  and  heat,  does  not 
admit  of  a  distinct  definition.  Electricity  appears  to  pervade 
aU  bodies  to  a  greater  or  less  degree,  and  when  undisturbed 
produces  no  apparent  eifect ;  but  when  any  body  or  part  of  a 
body  becomes  possessed  of  more  or  less  than  its  natural  quan- 
tity, it  is  said  to  be  electrified,  and  is  capable  of  exhibiting 
certain  appearances.  This  would  not  be  the  case  did  aU  bodies 
receive  and  transmit  it  with  equal  facility.  It  is  a  distin- 
guishing property  of  electricity  that,  under  certain  circum- 
stances, it  both  attracts  and  repels,  and  communicates  those 
qualities  to  different  bodies.  And,  if  two  bodies  equally 
electrified,  but  in  opposite  states,  come  into  contact,  they 
neutralize  each  other. 

Friction  applied  to  bodies  possessing  the  same  peculiarities 
as  amber,  is  called  electrical  excitation;  and  bodies  that  are 
capable  of  being  excited  so  as  to  produce  electrical  effects  are 
named  electrics.  If  we  rub  a  piece  of  sealing-wax  or  glass  rod 
on  the  sleeve  of  a  cloth  coat,  or  with  a  piece  of  dry  flannel  or 
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KBoft  white  silk,  the  wax  or  glass  will  attract  towards  them, 
Band  probably  lift  up,  any  light  matter,  as  a  feather,  piece  of 
itissue-paper,  gold-leaf,  straw,  or  cork. 

A  piece  of  writing-paper  warmed,  then  laid  on  a  table  and 
cubbed  with  India-rubber,  will  be  attracted  to  the  table,  and 
when  raised  from  it  will  cause  a  slight  crackling  noise.  "When 
silk  stocking  is  worn  over  a  woollen  one,  on  taking  off  the 
'rilk  one  a  slight  snapping  sound  will  be  heard.    The  fur  of  a 
!at  rubbed  contrariwise  in  the  dark  will  send  forth  sparks  if 
;  be  warm  and  dry.    These  are  all  electrical  phenomena. 

If  the  windows  of  a  flat  shallow  glass  case  be  rubbed  with  a 
iHk  duster,  the  light  dust  inside  will  fly  up  against  the  glass 
and  back  again,  and  keep  dancing  in  this  manner  while  the 
ubbing  is  continued.  Here  we  have  in  the  first  place  attrac- 
aon,  and  in  the  second  repidsion,  which  causes  the  dust  to  be 
taiven  back.  It  was  this  simple  occurrence  that  called  Sir 
eaac  Newton's  attention  to  the  subject. 

The  two  Electric  Forces, 

If  two  small  baUs  turned  out  of  elder  pith  and  hung  by 
R  silken  thread  be  brought  within  a  short  distance  of  an  ex- 
.ted  glass  tube,  they  will  be  attracted  towards  it  and  remain 
gainst  it ;  but  when  the  tube  is  gently  moved  away  from  the 
ftile  baUs,  they  fly  off  from  each  other  and  keep  apart  for 
me  time, — in  fact,  until  their  electricity  is  dissipated  in  the 
r.  "When  still  under  the  influence  of  the  electricity,  if  the 
ibe  be  brought  again  near  them,  instead  of  being  attracted  as 
ifore,  they  are  farther  repelled.  Thus  it  appears  at  first  the 
the  attracted  the  balls  and  imparted  a  portion  of  its  elec- 
city ;  but  when  applied  a  second  time,  they  had  sufficient 
t'that  kind  of  electricity,  and  moved  away  or  were  repelled. 
"  "We  use  the  words  "  that  kind,"  because  if  a  roll  of  excited 
g-wax,  sulphur,  or  shell-lac  be  presented  to  the  balls, 
would  be  attracted ;  and  the  same  would  occur  if  the  last 
ctrics  had  been  used  first  and  the  first  last.  From  this  we 
m  there  are  two  different  kinds  of  electricity,  possessed  of 
tposito  properties  :  that  produced  by  excited  glass,  to  which 
e  name  of  vitreous  or  positive  electricity  has  been  given ;  and 
it  produced  by  excited  sealing-wax,  to  which  the  name  of 
nous  or  negative  electricity  has  been  applied.  The  positive 
.d  negative  states  of  electricity  attract  each  other,  and  when 
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they  meet  electrical  equilibrium  ensues.  By  friction  of  two 
substances  together,  as  fire  and  glass,  eqiiilibrium  is  destroyed 
in  each. ;  the  positive  electricity  accumulates  in  the  glass,  the 
negative  in  the  fire.  What  one  attracts  the  other  repels,  and 
vice  versd. 

When  sufficiently  near  for  their  attractive  powers  to  coni( 
into  action,  the  opposite  electricities  throw  aside  any  non- 
conducting medium  that  may  intervene.  Thus  in  the  heavens, 
■when  they  come  within  what  is  termed  the  strildng  distance, 
the  air  is  suddenly  rent,  thunder  is  heard,  lightning  produced, 
and  an  equilibrium  of  the  electrical  state  of  the  atmosphere 
ensues. 

The  mode  in  which  experimenters  ascertain  the  kind  of 
electricity  in  an  excited  body  is  this :  they  electrify  a  substance 
with  a  known  electricity,  vitreous  or  resinous,  or  what  is  the 
same  thing,  positive  or  negative,  and  then,  as  the  body  they 
electrify  with  the  electricity  with  which  they  are  engaged 
attracts  or  repels  the  other  body  possessed  of  the  known  elec- 
tricity, it  can  be  decided  what  the  applied  electricity  is.  Sup- 
pose some  electricity  be  drawn  from  the  clouds  and  a  pith-hall 
be  charged  with  it,  and  another  pith-baU  be  vitreously  elec- 
trified, then  by  bringing  the  cloud-electrified  pith-baU  to  the 
other,  if  they  are  repelled  the  cloud-coUected  electricity  will 
be  positive,  but  if  they  are  attracted  to  each  other,  then  the 
atmospheric  electricity  wUl  be  negative. 

No  explanation  can  be  given  of  the  cause  of  the  different 
species  of  electricity  arising  from  various  substances ;  ail  that 
is  known  is  the  fact,  and  that  the  body  rubbed  and  the  body 
rubbing  become  possessed,  the  one  of  positive,  the  other  of 
negative  electricity. 

Conduction  of  Electricity. 

If,  when  a  pith-ball  is  electrified  either  vrith  excited  glass 
or  sealing-wax,  we  touch  it  with  a  rod  of  glass,  its  property  oi 
being  subsequently  attracted  or  repelled  by  the  excited  glass 
or  wax  will  suffer  no  change ;  but  if  we  touch  it  with  a  rod  oj 
metal,  it  wiU  lose  the  electricity  which  it  had  received,  and 
will  be  attracted  either  by  the  excited  glass  or  wax,  as  it 
when  they  were  first  applied  to  it.  Hence  the  rod  of  gla^^ 
and  the  rod  of  metal  possess  different  properties,  the  former 
being  incapable,  and  the  latter  capable  of  carrying  off  thCj 
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lelectricity  of  the  pith-ball.  The  metal  is  therefore  said  to  be 
1  a  conductor,  and  the  glass  a  non-conductor  of  electricity. 

A  non-conductor  does  not  suffer  electricity  to  pass  from  one 
(oart  of  it  to  another.  For  instance,  a  piece  of  glass  may  be 
Excited  only  in  one  part,  without  the  other  being  at  all  under 
::he  influence ;  and  if  the  whole  surface  of  a  tube  be  excited, 
;  t  can  be  felt  by  sparks  in  various  parts  ;  and  if  an  unexcited 
wiece  of  glass  be  placed  against  an  excited  piece  of  glass,  the 
jjlectrieity  is  not  conducted  away.  The  case  is  different  with 
>!onductors;  for  if  a  rod  of  iron  be  suspended  by  a  silken 
ihread  and  charged,  as  soon  as  it  comes  near  a  body,  that  body 
fwill  receive  its  overplus  of  electricity,  the  whole  passing  out  in 
s  single  spark  instantaneously.  The  same  is  the  case  with  the 
tauman  body.  To  receive  a  charge  of  electricity  the  conductor 
rir  the  person  has  to  be  what  is  termed  insulated ;  that  is,  by 
»fleans  of  non-conductors  cut  oflP  from  all  electrical  communi- 
tation  with  any  substance,  that  would  conduct  the  electricity 
lapidly  to  the  earth.  Por  this  purpose  a  stool  with  glass  legs 
\  foimd  the  most  convenient  contrivance  for  the  human  body, 
ilius  non-conductors  are  also  called  insulators. 

Conducting  bodies  are  not  readily  excited  by  friction.  The 
»e8t  electrical  bodies,  or  non-conductors,  are  gutta  percha, 
nhell-lac,  sulphui",  amber,  resinous  substances,  jet,  glass,  and 
titreous  substances,  precious  stones  (the  most  transparent 
tie  best),  minerals,  silk,  dry  external  substances,  as  wool, 
iair,  feathers;  paper,  parchment,  leather,  porcelain,  loaf- 
ugar,  dry  gases,  the  air,  marble,  oils  and  dry  metallic  oxides, 
nalk,  lime,  phosphorus,  steam  of  great  elasticity,  ice  below 
'Fahr. 

The  principal  electrical  conductors,  or  non-electrics,  are 
dver,  copper,  lead,  gold,  brass,  zinc,  tin,  platinum,  iron,  and 
»;her  metallic  substances ;  well-burned  charcoal,  plumbago, 
wncentrated  and  diluted  acids,  saUne  solutions,  metallic  ores, 
lie  fluids  of  an  animal  body,  water,  especially  salt  water,  and 

Isher  fluids,  except  oUs ;  ice  above  13°  Fahr.,  snow,  living 
«3getable  and  animal  matter,  earthy  substances,  flame,  smoke, 
warn  of  low  pressure,  hot  fluid  resin,  and  hot  glass. 
^  s^^^  ^^^^  ■tte  substances  in  nature  from  which 

fectricity  can  bo  readily  excited  are  non-conductors,  and 
fher  bodies  that  are  rapid  conductors  of  electric  action  are 
im-electric.    There  are,  however,  no  bodies  that  entirely 
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prevent  or  perfectly  conduct  electric  action,  the  whole  being 
merely  a  question  of  degree  of  capacity. 

Electric  Induction. 

It  has  next  to  be  observed  that  common  electricity,  when 
excited  in  one  body,  may  be  communicated  by  it  to  another 
without  either  contact  or  friction.  If  an  excited  glass  rod  be 
brought  close  to  one  end  of  an  insulated  horizontal  rod  of 
metal,  the  metal  ■will  become  electrical,  as  evidenced  by  the 
divergence  of  pau-s  of  pith-balls  hanging  from  either  end. 
But  this  state  of  excitement  only  continues  while  the  glass  rod 
is  near.  Kemove  it,  and  it  instantly  ceases,  the  pith-balls 
collapsing.  It  is  induced  by  the  neighbourhood  of  an  excited 
body,  which  disturbs  the  equilibrium  of  electric  force  in  the 
non-excited  body.  The  electric  force  attracts  that  of  an  oppo- 
site nature,  and  repels  that  of  the  same  kind  as  itself.  The 
vitreous  electricity  of  the  glass  causes  the  end  of  the  metal 
rod  near  it  to  be  resinously,  i.  e.  negatively  electi'ified,  the 
other  or  remote  end  being  positively  electrified  at  the  same 
time.  On  removing  the  cause  induction  ceases,  and  equili- 
brium is  restored. 

But  let  the  metal  rod  be  divisible  into  two  parts,  touching 
each  other,  and  let  them  be  separated  while  the  glass  rod  is 
stiU  near  (without  touching  them  with  the  hands).  They  wi 
now  remain  electrified,  the  one  negatively,  the  other  positively 
after  the  rod  is  removed.  On  bringing  them  near,  equQibri 
is  restored  with  a  spark. 

Prof.  Faraday  conceives  that  the  particles  of  air  and  oth 
non-conducting  matter  in  the  vicinity  of  a  charged  bod 
become  arranged  in  a  polarized  manner,  the  half  near  th 
charged  body  exhibiting  electricity  of  the  opposite  kind,  th 
remote  half  of  each  retaining  electricity  of  the  same  kind 
that  of  the  excited  or  inducing  substance. 

A  highly  charged  body  about  to  discharge  itself,  does  so  iJ 
first  inducing  electricity  of  an  opposite  kind  in  some  substan 
or  part  of  the  earth  near  it.    The  two  opposed  electricities 
when  suflB.ciently  near,  neutralize  each  other  with  a  spark. 

Frictiondl  Electricity. 

We  have  thus  glanced  at  some  of  the  phenomena  of  elec 
trical  action  that  may  be  created  by  means  of  friction  on 
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lass  tube ;  but  as  that  method  excited  only  a  small  quantity 
of  electricity,  the  electrical  machine  was  invented,  whereby  a 
large  amount  of  electricity  may  be  placed  at  command  with 
little  trouble  and  cost.  The  machines,  although  differing  in 
construction,  are  the  same  in  principle.  Electricity  is  excited 
' '  y  the  friction  of  a  rotating  glass  surface  against  a  rubber,  and 
oUected  for  use  on  an  insulated  metallic  conductor.  "We  pro- 
ecd  to  describe  the  machine  in  most  common  use,  fig.  307. 


Fig.  307. — Electrical  Machine. 


a  6  is  a  hollow  cylinder  of  glass,  from  4  to  20  inches  in 
liameter,  and  from  6  to  18  inches  in  length,  having  pivots  pro- 
ing  and  made  to  revolve  in  round  pieces  of  wood  or  metal  ce- 
ented  on  upright  glass  pillars  c  d,  which,  as  well  as  supporting, 
ulate  the  cylinder :  this  is  driven  round  by  means  of  a  winch 
•  ;  gr  is  a  cylinder  of  wood  covered  with  tinfoil,  supported  on 
I  glass  pillar  i,  which  by  means  of  a  groove  and  screw  m,  at 
he  bottom,  can  be  eased  from  or  pressed  against  the  cylinder 
f  glass.    Fastened  to  the  wooden  cylinder,  and  resting  with 
.  perfect  but  gentle  pressure  against  the  glass  cylinder,  is  a 
ushion  or  rubber  stuffed  with  horse-hair  and  covered  vsdth 
hamois  leather.  This  cushion  is  rubbed  over  with  an  amalgam 
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of  1  part  of  tin,  2  of  zinc,  and  4  of  mercury.  They  are  sepa- 
rately melted  and  then  mixed.  When  cold  the  amalgam  ia  a 
semifluid  mass,  and  can  be  spread  on  the  cushion.  To  the 
cushion  is  sewed  a  flap  of  oiled  silk,  which  lies  loosely  over 
the  top  of  the  cylinder.  On  the  opposite  side  is  another  con- 
ductor and  points,  where  the  positive  or  vitreous  electricity  is 
collected  as  it  escapes  from  underneath  the  silk  flap.  Both 
the  cylindrical  conductors  are  insulated  by  being  placed  on 
pillars  of  glass.  The  apartment  in  which  experiments  are 
made  must  be  dry,  and  should  be  warm  ;  and  the  glass  parts, 
acting  as  insulators,  must  be  coated  with  a  solution  of  shell- 
lac  in  rectified  spirits,  and  when  used  should  be  perfectly  free 
from  dust. 

A  chain  is  attached  to  the  rubber  and  allowed  to  rest  on  the 
ground,  whence  the  negative  electricity  is  discharged  into  the 
earth.  If  this  chain  be  withdrawn  and  at- 
tached to  the  other,  which  is  named  the 
prime  conductor  h,  then  the  positive  or 
vitreous  electricity  is  carried  off,  and  nega- 
tive electricity  is  obtained  from  the  other 
conductor  g. 

When  the  machine  is  turned  in  a  dark 
apartment,  its  appearance  is  most  beautiful. 
The  conductors  being  removed,  brilliant 
sparks  and  streams  of  vivid  light  pass  from 
the  termination  of  the  flap  around  the  under 
part  of  the  cylinder  to  the  rubber  ;  a  pointed 
rod  of  iron  held  at  some  distance  from  the 
cylinder,  in  a  line  with  the  end  of  the  silk 
flap,  will  cause  a  bright  light  to  be  seen  as 
if  coming  out  of  the  iron  point.  If  points 
be  presented  to  both  conductors  at  one  time, 
there  may  be  observed  at  the  point  pre- 
sented to  the  prime  conductor  7i  a  star  of 
light,  and  at  the  point  presented  to  the  nega-  ^'^S-  308.  | ! 
tive  conductor  the  appearance  will  be  like  a  bright  brush  ot 
pencil  of  light,  as  seen  in  fig.  308.  i 

If  a  person  standing  near  to  the  conductor  place  his  hand 
upon  it  when  the  machine  is  being  worked,  there  will  be  no 
signs  of  electricity,  because  it  flows  silently  through  liis  hand 
and  body  to  the  earth ;  but  if  he  stand  on  a  stool  having  glass 
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legs,  then,  the  passage  of  the  electricity  being  stopped  b)-  non- 
■onductoi-s,  sparks  may  be  drawn  from  him  as  from  the 
onductor  itself. 

If  a  hole  be  made  in  the  knob  at  the  outward  end  of  the 
piime  conductor,  and  a  tuft  of 
feathers  placed  in  it,  then,  the 
machine  being  worked,  the  feathers 
wUl  stand  erect  and  endeavour  to 
I  void  each  other;  as  each  is  elec- 
i  ified  by  the  same  electricity,  they 
repel  one  another. 

The  phenomena  of  attraction  and 
repulsion  are  well  shown  by  the 
little  apparatus  known  as  the  elec- 
t  ric  bells  (fig.  309).  They  are  sus- 
endedby  the  hook  from  the  end  of 
I  ho  prime  conductor  h ;  the  two 
juter  beUs  are  hung  by  brass 
chains,  while  the  central  one  with  ' 
fche  two  clappers  on  either  side  hang  ^^g-  ^09. 

Tom  silken  strings ;  the  middle  beU  being  connected  with  the 
.3arth  by  a  thin  brass  chain.   On  turning  the  cylinder  the  two 
outside  bells  become  positively  electrified,  and  by  induction 
bhe  central  one  becomes  negative,  a  luminous  discharge  taking 
olace  between  them  if  the  electricity  be  in  too  high  a  state  of 
ension.    But  if  the  cylinder  be  slowly 
•evolved,  the  little  brass  clappers  will 
)ecome  alternately  attracted  and  repelled 
y  the  outermost  and  inner  bells,  pro- 
ueing  a  constant  ringing  as  long  as  the 
achine  is  worked. 

Let  a  metalhc  plate  be  suspended  from 
he  conductor,  and  underneath  it,  at  a 
"tance  of  throe  or  four  inches,  let 
nether  plate  (fig.  310)  be  placed  ;  then 
?  some  pieces  of  paper  in  the  shape  of 
he  human  figure,  and  a  number  of  small  Fig.  310. 
'th-balls,  be  laid  upon  the  lower  one,  and  the  machine 
3t  in  motion,  the  little  figures  and  balls  wUl  jump  to  the 
-  per  plate,  then  be  repelled,  and  go  on  dancing  up  and  down 
5  if  alive. 
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There  are  many  other  pleasing  and  elegant  experiments  to 
be  performed  with  the  aid  of  the  electrical  machine,  a  few  of 
which  we  shall  describe. 

Barker's  spotted  tube  is  a  pretty  instrument.  It  is  a  glass 
tube,  well  rounded  at  one  end  and  open 
at  the  other,  about  ten  inches  long  and 
three  quarters  of  an  inch  in  diameter ;  a 
smooth  piece  of  tinfoil  is  fixed  at  the 
upper  closed  end,  and  spangles  of  tinfoQ 
are  placed  in  a  spiral  form  around  the 
tube  from  end  to  end  (fig.  311).  A  cap 
of  brass  is  cemented  on  the  outside  of 
the  lower  end  of  the  tube,  and  a  strip  of 
foil  placed  round  it.  From  this  ring  four 
wires  project  outwards,  having  their 
points  bent  at  right  angles.  The  tube 
is  then  set  on  an  upright  wire  which 
passes  upwards  into  the  tube  to  its  top, 
and  this  -wire  is  then  set  on  an  insulated 
stand,  and  brought  near  the  prime  con- 
ductor, when  it  turns  round  and  pre- 
sents a  most  vivid  appearance. 

Place  a  (fig.  312)  so  as  to  receive 
sparks  from  the  prime  conductor  ;  pour 
cold  spirits  of  wdne  into  c  just  sufficient 
to  cover  the  bottom  of  the  vessel,  and 
set  it  under  the  wire  b  ;  turn  the  ma- 
chine,  and  the  spirits  will  be  set  on  fire. 

Take  a  cake  of  resin  or  shell-lac,  and  after  exciting  it  writej 
with  the  knob  of  a  jar  charged 
with  positive  electricity  a  word 
on  the  cake,  then  scatter  on  it  an 
equal  mixture  of  finely-powdered 
sulphur  and  red  lead ;  the  sulphur 
will  fly  on  to  and  attach  itself  to 
the  writing,  whUe  the  lead  sepa- 
rating will  cover  the  other  parts 
of  the  resinous  cake.  The  effect 
of  this  experiment  is  both  beau- 
tiful and  interesting. 

The  electrical  ^planetarium,  re- 
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»presented  in  fig.  313,  is  connected  with  the  prime  conductor 
'by  means  of  a  chain ;  and  when  the  machine  is  set  in  motion, 
Ithe  reaction  of  the  air  against  the  points  a  and  b  on  the  wires 
)f  the  apparatus,  causes  it  to  move :  the  large  ball  representing 
the  sun,  the  earth  revolves  round  it,  and  the  moon  round  the 
jarth  and  sun.  This  experiment  serves  to  Ulustrate  the  force 
)f  the  current  of  air  which  accompanies  the  discharge  of 
dectricitj. 


Fig.  313.  Fig.  314. 

If  a  small  pail,  with  a  spout  near  the  bottom  (fig.  314),  in 
h  hich  there  is  a  hole  just  large  enough  to  let  the  water  out  by 

rops,  be  filled  with  water,  and  fastened  to  the  prime  con- 
ictor,  on  turning  the  machine  the 

»ater  wiU  fly  from  it  in  a  stream, 

^ad  in  the  absence  of  light  seem  to 
5  a  stream  of  fire.    This  is  ac- 

Biunted  for  by  the  mutual  repulsive 

^■•operty  of  similarly  electrified  par- 
oles. 

:  Attraction  and  repulsion  are  also 
|iiau8ingly  seen  in  the  electrical 
vnng:  the  insulated  brass  baU  a 
;g.  315)  is  connected  with  the 
[rime  conductor,  while  the  opposite 
1116  communicates  with  the  earth  ; 
J  e  little  figure  on  the  silken  cord  is 
rawn  towards  a,  where  it  receives 
^chtu-ge  which  it  discharges  on  Fig.  315. 

^nging  to  b,  then  returns  to  a,  and  so  continues  in  active 
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The  electrical  see-saw  (fig.  316)  is  a  small  strip  of  wood 
covered  over  Avith  silver  leaf  or  tinfoil,  insulated  on  a  like  a 
balance.    A  slight  preponderance  is  given  to  it  at  a,  so  that  it 


Fig.  316. 


rests  on  a  mre  having  a  knot  e  on  its  top  ;  cZ  is  a  similar  metal 
ball  insulated.  Connect  d  with  the  prime  conductor,  and  the 
sec-saw  motion  commences. 

Several  experimenters  conceiving  that,  instead  of  the  barrel- 
shaped  electrical  machine,  one  consisting  of  a  circular  disc 
would  be  more  convenient  and  effective,  contrived  machines  of 
this  shape.  In  1785  Van  Marum  and  Cuthbertson  constmcted 
one,  now  in  the  museum  at  Haarlem,  which  consists  of  two 
circular  plates  of  glass  65  inches  in  diameter,  both  on  the 
same  axis,  and  having  four  cushions  16  inches  each  in  length. 
\Vlien  in  fiiU  action,  a  single  spark  from  this  machine  would 
melt  a  leaf  of  gold,  and  it  would  attract  a  light  substance  at  a 
distance  of  38  feet ;  while  from  a  pointed  pin  of  metal  a 
brilliant  star  would  appear  when  28  feet  from  the  machine. 
The  usual  sensation  of  a  cobweb  spread  over  the  face,  when 
near  to  the  plate  of  an  electrical  machine,  was  felt  from  it  at 
a  distance  of  two  feet ;  and  the  peculiar  smell,  caused  by  the 
action  of  electricity  on  the  air,  was  very  strong. 

The  plate-machine  is  now  frequently  used ;  and  one  of  seven 
feet  diameter,  turned  by  a  steam-engine,  was  for  some  time 
exhibited  at  the  Polytechnic  Institution.  The  accompanjing 
diagram  (fig.  317)  illustrates  the  peculiar  features  of  the  plate- 
machine,  which  consists  of  a  large  circular  disc  of  glass,  sup- 
ported upon  two  upright  pieces  of  mahogany.  The  rubbers 
are  on  each  side,  and  the  insulation  is  effected  by  two  piUars  of 
glass.  The  conductor  is  usually  made  of  metal,  with  two  arms 
terminating  in  points,  and  supported  by  strong  pieces  of  glass. 
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A  curved  brass  tube  acts  as  the  negative  conductor  and  con- 
nects the  cushions. 


Fig.  317. — opiate  Electric  Machine. 

Great  power  can  be  obtained  by  these  machines ;  and  as 
eir  sirrfaces  can  be  easily  reached,  they  are  kept  more  per- 
ctly  dry  than  those  of  the  cylindrical  form.  Excellent  and 
conomical  machines  are  now  made  by  covering  a  disc  of  wood 
*th  a  thia  sheet  of  gutta  percha. 

Hydro-electric  Apparatus. 

Electricity  is  as  yet  a  young  science,  and  every  day  brings 
rth  some  discovery  in  relation  to  it ;  one  of  the  moat  re- 
arkablo  is  that  of  the  possibility  of  generating  it  from  steam 
-a  machine  for  which  purpose  was  used  for  some  time  at  the 
'olytcchnic  Institution. 

A  workman  at  Seghill  colliery,  near  Newcastle-upon-Tyne, 
•aving  to  adjust  a  safety-valve  in  consequence  of  an  escape  of 
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steam,  was  astonished  on  feeling  a  powerful  spark  of  elec- 
tricity when  one  of  his  hands  was  in  the  vapoui',  which  pro- 
ceeded from  the  boiler  and  the  metal-work  connected  with  it. 
Mr.  Armstrong,  a  scientific  gentleman  at  Newcastle,  immedi- 
ately commenced  an  investigation  of  the  subject,  and  found 
that  with  an  iusulated  brass  rod,  having  at  one  end  a  ball  and 
at  the  other  a  metal  plate,  he  obtained  from  it  60  to  70  sparks 
per  minute ;  the  ball  being  near  the  boiler,  and  the  plate  in 
the  steam.  This  led  ultimately  to  the  construction  of  the 
hydro-electric  machine. 


Fig.  318. — Armstrong's  Hydro-electric  Maoliine. 

It  consists  of  a  cylindrical  tubular  boiler  a  a  (fig.  318) 
rolled  iron-plate  cased  in  wood,  7  feet  6  inches  long,  ono  fo 
of  which  is  occupied  by  a  s  moke-box.    The  furnace  and 
hole  are  within  the  boil  er,  furnished  with  a  metal  _sc 
which  is  applied  to  exclude  light  during  some  experimen 
There  are  46  bent  iron  tub  es  t,  in  form  not  unlike  the  figure 
2,  rising  above  the  boiler,  and  terminating  in  jets  formed 
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'  partridge-wood.    Either  half  or  the  -whole  of  the  jets  may  be 
opened  by  means  of  the  levers  which  project  from  the  sides  of 
the  boiler,  d  d.    The  boiler  is  insulated,  and  supported  on  stout 
columns  of  glass,  b  b.   A  zinc  case  c  having  four  rows  of  points 
;is  placed  in  front  of  the  jets;  these  collect  the  electricity 
I  from  the  ejected  vapour.    When  a  large  quantity  of  electricity 
is  required,  the  points  are  placed  -within  a  few  inches  of  the 
;  jets  ;  and  when  long  sparks  are  needed,  it  is  moved  to  a  distance 
•  of  about  two  feet.    The  pressure  at  first  is  about  90  lbs.  This 
electricity  is  remarkable  for  its  intensity,  as  well  as  the  enor- 
imous  quantity  produced  ia  comparison  with  other  frictional 
machines ;  its  quick  succession  of  sparks  causes  it  to  inflame 
ssha-vings,  paper,  and  gunpowder. 

The  Electrometer. 

To  measure  the  intensity  of  machine  electricity,  there  are 
[instruments  called  electroscopes  and  electrometers.    In  some 
stances  the  electrical  tension  is  so  weak,  that  its  presence 
can  only  be  detected  by  those  dehcate  instruments.  They 
bhew  when  a  body  is  in  a  state  of  electrical  tension,  and 
ityhether  the  free  electricity  it  possesses  be  positive  or  negative ; 

uting  thus  according  to  the  universal  law  of  electrical  polarity, 
l;heir  excellence  depends  on  having  a  good  conductor  in  con- 
nexion with  some  Hght  bodies  that  may  be  mutually  attracted 
Vi>T  repelled  -with  great  facility. 

CavaUo's  electrometer  consists  of  two  balls  of  cork  or  pith 
limspended  in  a  covered  glass  jar  to  two  very  fine  wires,  which 
attached  above  to  a  conductor.    Volta  used  fine  straws  in 
idace  of  -wdres. 

Bennett's  gold-leaf  electrometer  is  constructed  on  the  same 
nrinciple,  but  in  place  of  the  -wires  and  balls  he  uses  two 
le  strips  of  gold-leaf. 

A.  C.  De  Coulomb  was  the  first  who  invented  the  methoff 
It  measuring  the  quantity  of  action  in  electricity.    The  instru- 
lent  he  invented  for  the  purpose  was  the  torsion-balance,  a 
needle  hanging  from  a  silk  fibre  in  which  the  force  of  torsion 
J  r  turning  necessary  to  produce  a  given  effect  serves  to  measure 
\h.&  amount  of  attraction.    Coiilomb's  torsion-balance,  when 
jttted  up  for  electrical  purposes,  consists  of  a  horizontal  needle 
(fig.  319),  made  of  shcll-lac,  ha-ving  a  gilded  pith-ball  at  one 
id,  and  a  counterpoise  at  the  other ;  this  is  suspended  by  a 
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silk  thread  or  spun  glass  a  attached  to  the  screw  b,  and  can 
be  twisted  round  its  axis.  At  the  zero- 
point  of  the  graduated  scale,  a  copper 
wire  d  with  a  ball  enters  through  the 
glass  cylinder ;  this  wire  is  also  pro- 
vided with  a  pith-ball,  gilded,  and  of 
the  same  size  as  the  other ;  both  balls 
touch  when  the  torsion-needle  is  in  a 
state  of  equilibrium,  or  they  may  be 
brought  into  contact  by  turning  the 
screw  b.  The  ball  d  being  applied  to 
the  prime  conductor  of  a  machine  af- 
fects thepith-balls  below,  causing  them 
to  repel  each  other,  and  thus  deflecting 
the  needle.  The  scale  is  marked  on 
the  circumference  of  the  glass. 

Henley's  quadrant  electrometer  (fig. 
320)  servos  also  to  measure  the  repul- 
sive  force  of  powerful  electrical  ten- 

sions,  and  is  considered  a  necessary  part  of  an  electrical 
machine,  being  placed  in  a  small  hole  made  in  the 
conductor.  It  consists  of  a  graduated  half-circle 
fixed  to  a  conducting  rod ;  from  the  centre  of  the 
circle  proceeds  a  short  reed  on  a  fine  axis,  and 
having  at  its  end  a  pith-ball.  Tlie  movement  of 
the  reed,  from  the  ball  of  the  conductor  against 
which  it  rests,  up  the  scale  marks  the  amount  of 
electricity. 


The  Electrophorus. 

An  instrument  invented  by  Volta,  and  known 
as  the  electrophorus  (fig.  321),  consists  of  a  circular 
metal  plate  having  a  rim  about  a  quarter  of  an 
inch  deep  at  the  edge,  into  which  is  poured  equal 
parts  of  melted  sheU-lac,  Yenice  turpentine,  and 
resin;  and  a  metal  cover  with  a  glass  handle. 
The  resinous  plate  is  held  in  a  slanting  direction, 
and  struck  sharply  several  times  with  dry  warm    Fig.  320. 
fur  or  flannel ;  the  cover  is  then  placed  on  the  plate,  and  on 
applying  to  it  a  metallic  knob  or  the  knuckle,  it  is  found  to 
have  accumulated  aweak  charge  of  negative  electricity,  llemove 
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the  cover,  and  then  approach  the  knucltle,  a  strong  spark  of  posi- 
tive electricity  wiU  be 
drawn.  This  may  be 
repeated  several  times 
without  again  exciting 
the  resinous  cake, — in- 
deed, imder  particular 
circumstances,  such  as  a 
dry  state  of  the  air,  for 
weeks  afterwards.  The 
electricity  of  the  move- 
able plate  is  in  this  case 
derived  not  in  the  way 
of  charge  from  the  resin, 
but  is  the  result  of  the 
process  of  induction. 
The  upper  surface  of  the 


Fig.  321. 


cover  is  negatively,  and  the  lower  positively  electrified,  by  in- 
duction, whUe  touching  the  resin.  The  resinous  electricity  is 
drawn  off  in  the  first  spark,  leaving  the  positive  in  excess. 
This  is  drawn  in  the  second  spark,  on  removing  the  plate. 

Faraday  used  an  electrophorus  of  shell-lac  about  an  inch  in 
diameter,  and  seven  inches  in  length,  fixed  in  a  ® 
wooden  stand,  the  sheU-lac  being  concave  at  the  top 
to  hold  a  brass  baU;  from  this  he  demonstrated 
that  inductive  action,  taking  place  invariably  through 
the  intermediate  matter,  would  be  found  to  be  ex- 
erted, not  in  the  direction  of  straight  lines  only,  but 
also  in  curved  lines.  The  upper  part  of  the  stick  of 
shell-lac  was  excited  by  fiiction  with  warm  flannel, 
a  brass  ball  suspended  by  silk  was  placed  in  the 
hoUow  at  the  top,  and  the  whole  arrangement  ex- 
amined by  the  carrier  ball  and  an  electrometer.  For 
this  purpose  the  carrier  was  applied  to  various  parts 
of  the  baU,  the  two  were  uninsulated  whilst  in  con- 
tact or  in  position,  then  insxilated,  separated,  and  the 
charge  of  the  carrier  examined  as  to  its  nature  and 
force.  "Whatever  general  state  the  carrier  acquired 
in  any  place  where  it  was  first  uninsulated,  and  then 
'insulated,  it  retained  on  removal  from  that  place,  and 
the  distribution  of  the  force  upon  the  surface  of  the^^S-  322 
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inducteous  body  while  under  tlie  influence  of  the  inductric  was 
ascertained.  The  charges  taken  from  the  ball  in  this  its  unin- 
sulated state  were  always  vitreous,  or  of  the  contrary  character 
to  the  electricity  of  the  lac.  When  the  contact  was  made  at 
the  under  part  of  the  ball  d  (fig.  322),  the  measured  degree 
of  force  was  512  degrees,  when  in  a  line  with  its  equator  c 
270  degrees,  and  when  on  the  top  of  the  baU  h  130  degrees. 
Even  in  the  position  e  the  proof  ball  became  inducteous,  and 
at  a  it  was  affected  in  the  highest  degree,  and  gave  a  result 
above  1000  degrees. 

The  Leyden  Jar. 

The  fluid,  or  force  of  electricity,  seems  not  to  spread  through 
the  entire  body  of  the  thing  that  receives  it,  but  to  remain  on 
the  surface.  To  prove  tliis,  in  1837  Faraday  had  a  large 
chamber  made  coated  with  leaf-gold,  and  properly  insulated ; 
to  this  electricity  was  applied  until  sparks  and  pencUs  of  Hght 
were  thi'own  off.  The  philosopher  then  placed  himself  inside 
with  candles  and  the  most  delicate  electrometers,  but  within 
the  chamber  not  the  least  effect  was  perceptible. 

Smeaton,  the  celebrated  engineer,  covered  a  sheet  of  glass 
on  both  sides  with  thin  metal,  leaving  a  margin  all  around ; 
then  having  appHed  electricity  to  one  of  the  surfaces,  he 
touched  each  side  at  the  same 
time,  and  received  a  shock.  Sir 
W.  "Watson,  who  had  thrown  great 
light  on  the  subject,  covered  a  jar 
on  both  sides  with  thin  leaf- metal, 
leaving  a  portion  near  the  neck 
bare  ;  and  this  soon  led  to  what  is 
now  known  by  the  name  of  the 
Leyden  jar  (fig.  323). 

A  cylindrical  glass  jar  is  covered 
with  tinfoU  both  inside  and  outside 
to  within  a  few  inches  of  the  top,  ^S- 
the  uncoated  glass  forming  the  insulating  part.  The  lid  is 
made  of  baked  wood,  and  inserted  with  sealing-wax  ;  and  a 
light  metallic  charging  rod  extends  about  three  inches  out  of 
the  lid,  terminates  in  a  knob,  and  is  in  contact  with  the  inside 
coating  of  the  jar  at  the  bottom. 

The  Leyden  jar  is  a  machine  for  storing  up  electricity; 
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which  is  contained  in  the  inner  plate  of  metal,  and  balanced 
against  electricity  of  the  opposite  kind,  produced  in  the  outer 
plate  (connected  with  the  earth)  through  the  di-electric  layer 
of  glass. 

When  the  knob  of  the  charging  rod  is  placed  near  the  con- 
ductor of  the  machine,  sparks  are  emitted,  which  grow  fainter 
as  the  jar  is  charged.  The  electricity  on  the  outside  of  the  jar 
and  that  of  the  inside  are  communicated  to  each  other  by 
means  of  the  discharging  rod,  represented  in  the  wood-cut, 
which  consists  of  two  bent  arms  of  brass,  having  at  the  ends 
round  knobs,  with  a  joint  in  the  centre  to  open  or  close  to  the 
required  distance.  The  handle  is  of  glass,  that  it  may  be 
insulated. 

When  it  is  desired  to  discharge  the  electricity  of  the  jar, 
one  knob  of  the  discharging  rod  is  brought  in  contact  with 
the  outer  covering,  and  the  other  to  the  knob  of  the  charging 
rod,  when  the  negative  and  positive  electricity  rush  violently 
to  meet  each  other,  and  with  a  loud  report  and  vivid  light  equili- 
brium is  restored.  When  we  recoUect  that  the  hundreds  of 
sparks  which  enter  the  jar  from  the  prime  conductor  are  dis- 
charged in  one,  we  cease  to  marvel  at  the  force  and  brilliancy 
of  the  discharge. 

As  the  quantity  of  electricity  is  much  greater  when  col- 
lected in  a  Leyden  jar  than  that  derived  at  any  one  time  from 
the  conductor,  if  a  charge  be  sent  through  the  human  frame 
a  violent  shock  is  felt.  When  a  hundred  or  more  persons  join 
hands,  and  the  person  at  each  end  takes  hold  of  a  chain  or 
other  means  of  commvmication,  so  instantaneously  is  the  shock 
felt  by  all,  that  the  unanimous  shout  of  "  Oh  !"  is  in  excellent 
time.  The  shock  can  be  communicated  at  almost  any  distance 
without  a  perceptible  difference  of  time. 

The  electricity  that  passes  into  the  jar  is  vitreous,  or  posi- 
tive, if  taken  from  the  prime  conductor ;  that  from  the  cushion 
resinous,  or  negative ;  but  whichever  electricity  is  passed  into 
the  jar,  the  opposite  will  be  induced  on  the  outside  of  the  jar. 

If  a  Leyden  jar  be  insulated,  that  is,  placed  so  that  it  shall 
!  have  no  communication  with  the  ground,  it  will  be  iacapablo 
of  receiving  a  charge  of  any  considerable  amount.  Let  a  (fig. 
324)  be  a  Leyden  jar  standing  upon  a  glass  support  h ;  it  will 
:  receive  no  charge  from  the  prime  conductor,  unless  a  con- 
ducting communication  bo  made  with  its  outside  coating  and 
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Fig.  324. 


the  earth.  But  if  an  insulated  second  jar  be  placed  at  c,  the 
electricity  which  passes  off  from 
the  outside  coating  of  a  will 
charge  c,  and  for  every  spark 
which  passes  from  the  prime  con- 
ductor to  a  a  similar  one  will 
pass  from  a  to  c. 

It  is  therefore  seen,  that  as 
vitreous  electricity  is  commu- 
nicated to  the  interior  coating, 
it  will  be  necessary  to  remove  the 
same  quantity  from  the  exterior, 
or  this  would  otherwise  coun- 
teract the  resinous  electricity  by 
which  the  charge  is  sustained. 
This  can  only  be  effected  by 
placing  the  outer  surface  in  con- 
nexion with  the  earth,  the  hand 
of  the  operator,  or  the  coating  of 
another  jar. 

By  placing  together  several  coated  jars,  uniting  their  char- 
ging rods,  and  connecting  their  outer  surfaces  by  a  proper  base 
or  by  chains,  when  charged  they  act  as  one  jar ;  a  combination 
which  is  called  an  electrical  battery.  M.  Manim  formed  a 
battery  of  one  hundred  jars,  each  thirteen  inches  in  diameter, 
and  two  feet  high,  the  whole  consisting  of  about  550  square 
feet  of  coated  glass.  After  charging  this  tremendous  battery, 
he  passed  the  electricity  through  steel  bars  nine  inches  long, 
half  an  inch  wide,  and  one-twelfth  of  an  inch  thick,  which 
rendered  the  bars  intensely  magnetic.  The  hardest  wood  was 
rent  to  pieces,  iron  wire  was  dispersed  in  red-hot  balls,  and 
tin  wire  became  a  cloud  of  blue  smoke,  which  rained  down  hot 
globules.  Such  a  discharge  destroyed  a  dog  instantly  when 
passed  through  the  head  and  spine. 

Effects  of  Electric  Discharge. 

When  these  large  quantities  of  electi'icity  are  used  to  act 
upon  inorganic  bodies,  the  conductors  are  so  arranged  that  the 
body  subjected  to  the  influence  may  form  part  of  a  circuit 
Por  this  purpose  an  instrument  is  contrived,  called  a  uni- 
versal discharger. 
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Fig.  325. 


This  consists  of  two  rods  fixed  on  pillars  of  glass,  having  uni- 

ersal  joints,  the  rods  being  so  placed  in  the  sockets  as  to  be 
;3ngthened  or  shortened.    In  the 
lentxe  is  an  insulating  table  on 
:  glass  rod,  with  a  contrivance  for  ) 
wwering  or  heightening  it.    The  ' 
p  ircuit  is  completed  by  the  rods 
keing  connected  with  the  negative 
i.ad  positive  portions  of  the  bat- 
rsry ;  and  the  object  to  be  acted 
,  1  is  placed  in  the  centre  of  the 

ittle  table  between  the  ends  of 

le  rods. 

A  charge  from  a  battery  fired  through  many  sheets  of  paper 
lill  caixse  a  roimd  hole  through  all,  and  produce  a  smell 
:milar  to  phosphorus.  In  this  experiment,  if  the  paper  be 
acamined,  a  blur  on  both  sides  will  be  seen,  evidencing  that 
li  ie  two  electrical  currents  have  passed  in  opposite  directions. 
.'  A  leaf  of  gold  placed  between  pieces  of  common  window- 
ass  will  be  so  forced  into  them,  as  to  change  the  body  colour 
the  glass  into  a  purple. 

If  a  small  phial  half-full  of  salad  oil  have  a  slight  piece 
wire  passed  through  the  cork  and  so  bent  within  the  pliial 
to  touch  the  glass  just  below  the  surface  of  the  oil,  and  a 
,1  ark  be  taken  fi-om  a  charged  conductor,  while  a  thumb  is 
aced  opposite  to  the  point  of  the  wire,  the  electricity  will 
■ike  a  hole  in  the  phial  in  its  journey  to  the  thumb.  A 
ousand  exceedingly  small  and  perfectly  round  holes  may  thus 
formed. 

If,  when  the  machine  is  at  work,  a  pointed  brass  wire  about  six 
ihes  long,  having  a  small  brass  ball  o    .  . 
g.  326)  at  its  extremity,  and  the  other 
d  connected  with  the  extremity  of  a 
ime  condiictor,  be  directed  against 
3  flame  of  a  candle  h,  the  flame  will 
blown  away  as  if  wind  from  a  bel- 
;  V9  had  been  used, 
A  gold  ground  is  sometimes  given 
paper  or  silk  by  first  cutting  out  in 
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ght  card-board  the  pattern  Tvished ; 


Fig.  326. 


la  being  placed  on  the  silk  or  pager,  gold-leaf  is  laid  over  the 
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parts  cut  out,  an  uncut  card-board  is  put  on  as  a  cover,  tlicn 
the  "whole  pressed  and  electricity  passed  through  it.  On 
opening  it  out,  the  leaf-gold  is  found  to  have  formed  a  ground 
of  the  shape  cut  out  in  the  card-board. 

A  wire  that  is  not  large  enough  to  allow  a  certain  charge  to 
run  freely  through  it,  becomes  red-hot ;  and  if  the  wire  were 
smaller  stUl,  it  would  be  melted.  This  shows  that  heat  is 
evolved  by  electricity  according  to  the  resistance  met  with. 
Sparks  drawn  from  ice  have  the  same  powers  as  those  from 
other  apparently  more  favourable  bodies. 

Loaf-sugar,  when  submitted  to  electricity,  presents  a  beau- 
tifully luminous  appearance,  which  it  retains  for  some  time. 
Common  vermilion,  a  compound  of  sulphur  and  mercury,  when 
placed  on  the  universal  discharger- table  and  electricity  passed 
through  it,  suffers  decomposition,  so  that  the  mercury  is 
separated  and  appears  in  its  metallic  state.  Camphor  loses  its 
peculiar  smeU,  and  is  some  time  before  it  regains  it.  Oxides 
of  metals  may  bo  freed  from  oxygen ;  and  metals  may  be 
oxidized.  Various  fluids  may  be  decomposed  and  separated 
into  their  simple  elements. 

Atmospheric  Electricity. 

Even  to  a  casual  observer  electricity  and  lightning  resemble 
each  other.  When  the  former  is  di'awn  off'  from  bodies  pos- 
sessed of  more  than  their  natural  share  a  smart  report  is 
heard, — electric  clouds  peal  forth  thunder, — a  vivid  spark  is 
seen  from  electricity, — lightning  illuminates  the  heavens. 
Electricity  darts  along  the  best  conductingparticles  of  matter, — 
lightning  proceeds  in  a  zigzag  way  as  moisture  presents  itself. 
Electricity  bursts  through  obstacles,  and  gives  forth  heat  in 
its  path, — lightning  rends  the  oak,  breaks  in  pieces  the  steeple, 
or  melts  a  too  thin  or  smaU  metal  conductor  in  its  rapid  career' 
to  the  earth. 

In  the  works  of  the  most  ancient  writers  there  are  circum- 
stances related  which  prove  that  atmospheric  electricity  was 
noticed  about  the  periods  at  which  they  wrote.  But  it  was  not 
until  the  commencement  of  the  eighteenth  centmy  that  an  idea 
was  broached  by  Dr.  Wall,  that  electricity  and  lightning 
were  identical.  This  notion,  thirty  years  afterwards,  was  re- 
iterated by  Grey ;  and  in  1745  NoUctt  writes,  in  his  '  Le§ons 
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de  Physique,'  of  "  thunder  and  lightning  being  in  t\ie  hands  of 
nature  what  electricity  is  in  ours."    In  1749,  Franklin  sug- 
gested the  idea  of  explaining  the  phenomena  of  thunder-gusts 
and  of  the  aiu'ora  borealis  upon  electi-ical  principles ;  and  in 
the  same  year  he  conceived  the  bold  idea  of  testing  the  truth 
of  his  doctrine,  by  actually  drawing  down  lightning  by  means 
of  sharp-pointed  iron  rods  raised  into  the  region  of  the  clouds. 
Duiing  the  building  of  a  church  at  Philadelphia,  while  waiting 
:  for  the  erection  of  the  spire  to  try  the  experiment,  he  became 
■  tired  of  the  delay,  and  conceived  he  might  accompHsh  his 
1  object  by  means  of  a  common  kite.  Accordingly,  in  the  summer 
t  of  1752,  he  prepared  one  by  fastening  two  cross-sticks  to  a 
J  silk  handkerchief,  which  would  not  suffer  so  much  from  rain 
sas  paper.   .In  the  upright  stick  was  affixed  an  iron  point. 
'The  string  was  of  hemp,  except  the  lower  end,  which  was 
5 sUk.  Where  the  hempen  string  terminated  a  key  was  fastened. 
^'With  this  apparatus,  on  the  appearance  of  a  thunder-storm,  he 
vwent  out  on  a  common,  accompanied  by  his  son.    He  placed 
^himself  under  a  shed  to  avoid  the  rain,  his  kite  was  raised,  a 
thunder-cloud  passed  over  it,  and  no  sign  of  electricity  ap- 
peared.   His  heart  now  misgave  him  that  the  fate  of  his 
heory  was  sealed ;  but  when  despairing  of  success,  suddenly 
ae  observed  some  of  the  loose  fibres  of  the  string  move  to 
n  upright  position,  repelling  each  other.    He  now  presented 
ais  knuckle  to  the  key,  and  received  a  strong  spark.  Eain 
laving  now  fallen,  the  conducting  power  of  the  string  became 
ncreased,  repeated  sparks  were  drawn  from  the  key,  a  phial 
vas  charged,  a  shock  was  given,  and  other  confirmatory  experi- 
nents  were  performed. 

The  identity  of  lightning  and  electricity  had  been  proved  a 
hort  time  before  Franldin's  celebrated  kite  experiment,  by  a 
French  philosopher,  who  obtained  sparks  from  an  elevated  and 
isolated  pointed  rod  erected  near  Paris;  however,  it  was 
'Vanklin  who  suggested  the  plan. 
M.  de  Eoraas,  of  Nerac  in  France,  on  the  7th  of  June,  1753, 
peated  the  kite  experiment  of  Franklin ;  he  raised  the  kite 
)  a  height  of  550  feet,  and  had  a  copper  wire  wound  round 
ae  string,  which  was  attached  to  an  insulated  iron  tube, 
he  flashes  were  extraordinary  in  size,  and  the  people  near 
'slt  a  peculiar  sensation  as  of  spiders'  webs  spread  over  their 
icea.    A  roaring  sound  was  heard,  and  straws  were  attracted 
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and  repelled  from  the  string,  while  the  kite  appeared  sur- 
rounded by  a  bright  light. 

These  experiments  aroused  the  attention  of  philosophers  in 
all  parts  of  the  world.  But  a  fatal  warning  of  the  danger  of 
trifling  with  thunder-clouds  was  given  by  the  death  of  Pro- 
fessor Richmann,  of  St.  Petersburg,  on  the  26th  of  August, 
1753.  He  had  constructed  an  instrument  which  he  called  an 
electrical  gnomon,  to  measure  the  strength  of  electricity,  and 
was  observing  the  effect  of  a  thunder-cloud  on  this  instrument, 
accompanied  by  M.  Solokow,  an  engraver.  Professor  Rich- 
mann  was  standing  with  his  head  inclined  towards  the 
gnomon,  when  M.  Solokow,  who  was  close  to  him,  obsex'ved, 
as  he  expressed  it,  "  a  globe  of  blue  fire  as  large  as  his  fist," 
dart  from  the  rod  of  the  gnomon  towards  the  Professor's  head, 
which  was  about  a  foot  distant.  This  flash  caused  the  instan- 
taneous death  of  the  Professor,  and  M.  Solokow  was  so  much 
stunned  that  he  could  give  no  particular  accoimt  of  the  effects 
upon  himself. 

The  electricity  of  the  atmosphere,  like  that  of  the  ocean, 
appears  to  be  in  a  constant  state  of  commotion,  being  at  full 
tide  just  after  the  rising  and  setting  of  the  sun,  and  lowest  at 
noon  and  midnight.  It  is  generally  positive,  but  during 
humid  weather,  storms,  and  under  the  influence  of  certain 
clouds,  it  becomes  negative.  During  rain,  snow,  sleet,  hail, 
thunder,  and  fogs,  it  varies  rapidly  from  one  condition  toi 
another. 

Lightning  is  produced  by  the  clouds  becoming  overcharged; 
with  electricity,  and  mak£iig  sudden  efforts  to  restore  their 
equilibrium.    The  roll  of  thunder  that  we  hear  is  in  many 
cases  an  echo,  similar  to  that  which  is  heard  when  a  gun  is 
fired  at  sea  and  a  cloud  is  hovering  near. 

Professor  Thomson,  in  his  '  Outlines  of  the  Source  of  Heat 
and  Electricity,'  says,  "  In  thunder-storms  the  discharges 
usually  take  place  between  two  strata  of  clouds,  very  seldom 
between  the  clouds  and  the  earth ;  but  that  they  are  some- 
times also  between  clouds  and  the  earth  cannot  be  doubted. 
These  discharges  sometimes  take  place  without  any  noise.  In 
that  case  the  flashes  are  very  bright.;  but  they  are  single 
flashes,  passing  visibly  from  one  cloud  to  another,  and  confined  ^ 
usually  to  a  single  quarter  of  the  heavens.  When  they  aTC ' 
accompanied  by  the  noise  we  call  thunder,  a  number  of  simul- 
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•  taneoiis  flashes  of  different  colours,  and  constituting  an  inter- 
:  rupted  zigzag  line,  may  generally  be  observed  stretching  to  au 
t  extent  of  several  miles.    These  seem  to  be  occasioned  by  a 
r  number  of  successive  or  almost  simultaneous  discharges  from 
one  cloud  to  another,  these  intermediate  clouds  serving  as 
:  intermediate  conductors,  or  stepping  stones  for  the  electric 
i  fluid.    It  is  these  simultaneous  discharges  "which  occasion  the 
rrattling  noise  which  we  call  thunder."    When  no  noise  is 
heard,  it  is  the  distance  alone  that  prevents  it ;  for  there  can 
be  no  lightning  without  thunder,  any  more  than  we  can  take 
a  spark  from  an  electric  machine  without  a  snapping  noise. 

Often,  most  especially  in  summer,  "svill  large  drops  of  rain, 
all  with  such  force  to  the  ground  as  is  inconsistent  with  the 
ddea  of  its  being  merely  the  result  of  gravity.    The  fact  is, 
hose  globules  of  rain  are  like  the  little  pith-balls  before 
entioned  charged  with  electricity,  which  are  repelled  from 
he  clouds  and  attracted  to  the  earth. 
The  greatest  security  during  a  thunder-storm  may  be  ob- 
ined,  if  out  of  doors,  by  taldng  shelter  under  sheds,  carts,  low 
'  nildings,  or  the  arch  of  a  bridge ;  the  distance  of  twenty  or 
;hirty  feet  from  tall  trees  or  houses  should  be  chosen,  for 
,hould  a  discharge  take  place,  elevated  bodies  are  most  likely 
»  receive  it.    If  the  explosion  follows  the  flash  with  great 
•apidity,  it  is  evident  that  the  electric  clouds  are  near  at  hand, 
nd  a  recumbent  posture  on  the  ground  is  the  most  secure. 
iToid  water,  for  it  is  a  good  condiictor ;  and  a  man  standing 
lear  a  lake  is  not  unlikely  to  determine  the  direction  of  the 
discharge.    "Within  doors  we  are  tolerably  safe  in  the  middle 
f  a  carpeted  room,  or  standing  on  a  double  hearth-rug.  The 
himney  should  be  avoided  ;  gilt  mouldings  and  bell-wires  are 
quaUy  dangerous.    In  bed  we  are  quite  safe ;  blankets  and 
.athers  being  bad  conductors,  we  are  to  a  certain  extent  in- 
Jated.    It  is  injudicious  to  take  refuge  in  a  cellar,  because 
4e  discharge  is  often  from  the  earth  to  a  cloud,  and  buildings 
metiraos  sustain  the  greatest  injurj'  in  the  basement  stories. 
The  thunder-house  (fig.  327)  is  an  amusing  illustration  of 
he  use  of  a  continuous  conductor  for  carrying  away  the  light- 
ing.   Franklin  first  proposed  the  erection  of  a  lightning 
onductor  for  the  protection  of  tall  buildings,  consisting  of  a 
ictallic  rod  in  perfect  communication  with  the  earth,    a  is 
itended  to  represent  a  board  shaped  like  the  gable  end  of  a 
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house,  a  piece  of  dry  maliogany  having  hecn  selected  for  the 
piu'pose,  vdth.  b,  a  copper  yvixe,  having  a  brass  knob  at  the 
top,  which  terminates  at  d,  but  is  made  to  come  in  close  eon- 
tact  and  pass  on  to  c.   The  central 
portion  d  is  so  arranged  with  the 
Tnre  fixed  to  it,  that  it  can  be 
taken  out  and  placed  crosswise. 
Arrange  it  now  as  in  the  cut,  and 
then  attach  a  piece  of  brass  chain 
to  the  hook  at  c,  bring  this  in  con- 
tact with  the  outside  of  a  Leydcn 
jar  charged  with  electricity,  and 
then  with  the  discharging  rod, 
send  the  charge  from  the  jar  to 
the  brass  knob ;  it  will  bo  seen 
that  the  charge  will  pass  down 
without  doing  any  perceptible  in- 
jiivy.   Now  place  the  square  piece 
of  wood  D  crosswise,  so  that  the  J'ig.  327. 

line  of  continuity  may  be  broken  in  the  copper  wire,  and  again 
send  another  charge  of  electricity  to  the  brass  knob.  The 
shock  will  now  throw  out  the  piece  of  wood  with  great  vio- 
lence ;  forming  a  humble  imitation  of  the  effects  of  a  stroke 
of  lightning,  the  passage  of  which,  when  unintciTupted, 
passes  quietly  down,  but  when  impeded,  deals  destruction 
around. 

The  late  Mr.  Crosse,  so  weU-known  for  his  researches  in 
this  branch  of  science,  was  in  the  habit  of  collecting  the  elec- 
tricity of  the  atmosphere  by  means  of  viiies  supported  and 
insulated  on  poles  fixed  on  some  of  the  tallest  trees  in  his 
garden.  The  wires  were  insulated  on  tlie  poles  by  means  o 
a  funnel,  represented  in  fig.  328.  It  was  made  of  copper, 
about  four  inches  in  diameter  and  eleven  inches  in  length; 
into  a  cavity  or  socket  of  about  two  inches  deep,  formed  at  th 
end  of  the  closed  funnel,  was  firmly  cemented  a  stout  gla^ 
rod  of  sufficient  length  to  reach  to  the  open  end  of  the  funnel 
where  wero  mounted,  by  means  of  strong  cement,  a  mctalK 
cap  and  staple.  The  latter  received  the  hook  of  a  strong  w^ 
which  passed  through  a  circular  plate  of  copper  placed  abon 
four  inches  from  the  moiith  of  the  funnel,  and  terminated 
a  hook  on  which  one  end  of  the  exploring  wire  was  fixed 
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Such  funnels  were  easily  raised  to  tlie  toios  of  trees  or  poles 
by  an  arrangement  of  pulleys.  They  were  then  taken,  by 
moans  of  conducting  wires,  to  a  battery  placed  inside  the 
room,  consisting  of  fifty  jars.  In  this  way  Mr.  Crosse  fre- 
quently collected  sufficient  electricity  to  charge  and  discharge 
his  battery  twenty  times  in  a  minute,  with 
reports  as  loud  as  those  from  a  good-sized 
cannon.  When  the  middle  of  the  thunder- 
cloud was  over-head,  he  was  often  enabled 
to  fuse  into  red-hot  balls  30  feet  of  iron  mre 
in  one  length,  and  -^f^th.  of  an  inch  in 
diameter;  and  a  crashing  stream  of  dis- 
charges took  place  between  his  lai-ge  brass 
balls,  the  effect  of  which,  he  says,  "  must  be 
witnessed  to  be  conceived  possible." 

It  is  curiously  illustrative  of  the  economy 
of  nature,  that  the  sharp  points  of  the  vege- 
table kingdom  are  more  powerfully  attractive 
of  electricity  than  the  sharpest  point  of  metal 
that  can  be  made  by  man's  ingenuity ;  for  if 
a  piece  of  pointed  iron  and  a  blade  of  grass 
be  held  near  to  a  prime  conductor,  so  that 
each  point  becomes  luminous,  and  then 
gradually  bo  drawn  back,  the  iron  will  lose 
its  luminosity  long  before  the  point  of  the 
grass.    The  sensitiveness  of  the  point  of 
a  blade  of  grass  may  be  seen  in  any  part  of  an  apartment 
where  electricity  is  being  evolved.    Instances  have  been  ob- 
served in  green-houses  where  two  pointed-leaved  plants  have 
'  covered  another  plant  and  drawn  from  the  air  aU  the  adjacent 
electricity,  by  which  the  more  humble  and  less  prickly  plant 
'  in  the  shade  has  perished,  solely  fi-om  want  of  this  vital  prin- 
« ciplc.    This  is  another  instance  of  the  singularly  careful 
f  arrangement  of  the  entire  mechanism  of  nature. 

The  aurora  borealis  or  northern  Hght,  that  so  magnificently 
i  illumines  the  Polar  heavens,  is  admitted  without  hesitation  to 
he  an  electrical  phenomenon,  as  electricians  can  most  success- 
fully imitate  it  on  a  small  scale.  It  ])robably  consists  in  the 
.flashing  of  electricity  through  a  rarefied  atmosphere  at  some 
height  from  the  earth's  surface.  Poor  Frankhn  found,  from  ob- 
servations made  at  the  north  pole,  that  the  aurora  was  at  a  less 
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elevation  than  the  denser  clouds ;  this  was  confirmed  after- 
wards by  Parry. 

If  a  tube  (fig.  329)  two  feet  long,  having  a  brass  baU  at  each 
end  projecting  into  the  inside,  be  nearly  exhausted  of  its  air, 
on  connecting  b  with  the  prime  conductor  and  a  with  the 
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earth,  h  becomes  positive  and  a  negative ;  the  two  electricities 
are  then  discharged,  and  there  is  all  the  appearance  of  the 
aurora  borealis, — the  faint  twilight,  streamers  of  white  and 
coloured  light,  the  silvery  beams  gliding  swiftly  along,  the 
beautiful  strings  of  light  moving  about  and  breaking  forth  into 
new  beauties,  playing,  as  it  Averc,  in  fairy  sylph-like  forms  in 
exuberance  of  delight.  According  to  the  rarity  of  the  air  in 
the  tube,  so  are  the  variety  of  colours. 

The  aurora  borealis  generally  appears  in  northern  latitudes 
in  cold  seasons,  tinted  with  green,  purple,  Adolet,  or  red,  and 
so  transparent,  that  the  stars  are  seen  through  it.  In  Siberia 
it  is  sometimes  accompanied  by  a  crackling  noise,  similar  to 
that  heard  when  turning  an  electrical  plate  without  conductors. 
This  alarms  the  ignorant  people,  who  endeavour  to  hide  them- 
selves, and  are  in  the  utmost  terror. 

The  meteors  that  are  so  frequently  seen  about  the  rigging 
of  vessels  are  to  be  referred  to  the  effect  of  points  on  the  elec- 
tricity of  the  atmosphere. 

"Waterspouts,  whirlwinds,  and  earthquakes  are  thought  by 
some  investigators  of  this  branch  of  science  to  be  the  effect  of 
electrical  action.  There  can  be  no  doubt  that  such  action  does 
accompauy  these  different  phenomena  ;  still  there  is  no  evidence 
that  electricity  is  the  producing  cause  ;  and  in  all  matters  of 
science  the  utmost  care  must" be  taken  not  to  be  satisfied  with 
mere  conjecture,  more  especially  when  other  physical  causes 
appear  to  account  in  a  more  satisfactory  way  for  such  aberra- 
tions of  nature. 

Voltaic  Electricity,  or  Galvanism. 
When  two  conducting  bodies  are  immersed  in  a  fluid  which 
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acts  upon  them  unequally,  an  electrical  condition  is  produced, 
one  becoming  positive,  the  other  negative.  Upon  this  depends 
the  production  of  voltaic  electricity. 

Swammerdam,  who  devoted  himself  to  the  anatomy  of 
insects,  in  1678,  two  years  previously  to  his  death,  exhibited 
before  the  Grand  Bake  of  Tuscany  an  experiment,  showing 
the  contraction  of  a  muscle  by  bringing  a  nerve  connected  with 
i  it  in  contact  with  a  silver  and  copper  wire.    The  sensation 
{ and  peculiar  saline  taste  that  results  from  placing  on  the  tongue 
i  a  piece  of  silver,  and  imder  it  a  piece  of  lead  or  zinc,  whenever 
tthe  edges  of  the  metals  are  brought  into  contact,  was  described 
iin  a  work  by  Sulzer,  entitled  the  '  General  Theoiy  of  Pleasure,' 
jpubKshed  in  1767. 

These  circumstances,  however,  did  not  at  the  time  lead  to 
farther  investigation.  To  the  famous  Galvani,  Professor  of 
.'Anatomy  in  the  University  of  Bologna,  is  due  all  the  merit  of 
the  great  discovery  to  which  the  researches  of  his  predecessors 
"ght  have  led. 

Arago  writes,  "  It  may  be  proved  that  the  immortal  dis- 
covery of  the  galvanic  pile  arose  in.  the  most  immediate  and 
*""ect  manner,  from  a  slight  cold  with  which  a  Bolognese  lady 
ivas  attacked  in  1790,  and  for  which  her  physician  prescribed 
,he  use  of  fi-og-broth."  The  'Encyclopaedia  Britannica'  states, 
' '  When  one  of  Galvani's  pupils  was  using  an  electrical  machine, 
I  number  of  frogs  were  lying  skinned  on  an  adjoining  table 
or  the  purpose  of  cookery.  The  machine  being  in  action,  the 
'."oimg  man  happened  to  touch  with  a  scalpel  the  nerve  of  a  leg 
:if  one  of  the  frogs,  when,  to  his  great  siu-prise,  the  leg  was 
Ihrown  into  violent  convulsions."  Dr.  Lardner,  after  giving 
the  usually-received  account  of  Galvani's  discovery,  writes, 
'  This  was  the  fii'st,  but  not  the  only  or  chief  part  played  by 
'Tiance  in  this  great  discovery.  Galvani  was  not  familiar  with 
lectricity;  luckily  for  the  progress  of  science,  he  was  more 
n  anatomist  than  an  electrician,  and  beheld  with  sentiments 
f  unmixed  wonder  the  manifestation  of  what  he  believed  to 
e  a  new  principle  in  the  animal  economy ;  and  fii-ed  Avith  thy. 
otion  of  bringing  to  light  the  proximate  cause  of  vitality, 
gaged  with  ardent  enthusiasm  in  a  course  of  experiments  on- 
ae  effects  of  electricity  on  the  animal  system.  It  is  rarely 
lat  an  example  is  found  of  the  progress  of  science  being 
vvoured  by  the  ignorance  of  its  professors.    Chance  now  agaia 
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came  upon  the  stage.  In  the  course  of  his  researches  he  had 
occasion  to  separate  the  legs,  thighs,  and  lower  part  of  the 
body  of  the  frog  from  the  remainder,  so  as  to  lay  hare  the 
lumbar  nei'ves.  Having  the  members  of  several  frogs  thus 
dissected,  he  passed  copper  hooks  through  part  of  the  dorsal 
column  which  remained  above  the  junction  of  the  thighs,  for 
the  convenience  of  hanging  them  up  till  they  might  be  required 
for  the  purpose  of  experiment.  In  this  manner  he  happened 
to  suspend  several  upon  the  iron  balcony  in  front  of  his 
laboratory,  when,  to  his  inexpressible  astonishment,  the  hmbs 
were  thrown  into  strong  commlsions.  IS'o  electrical  machine 
was  now  present  to  exert  any  influence." 

How  satisfactorily  circumstantial  are  the  particulars  given 
in  relation  to  the  great  discoveiy,  and  worthy  the  importance 
of  the  subject !  The  frog-broth  and  pupil  with  his  scalpel 
form  admirable  subjects  for  the  artist's  pencil;  they  are 
romantic  details  that  cling  to  the  imagination.  Then  how 
enviable  to  laborious  genius,  that,  instead  of  days  and  nights 
of  study,  years  of  experiments,  varying  in  success  and  disap- 
pointment, yet  filled  vdth  hope  from  occasional  ghmmerings  of 
truth,  and  a  firm  conviction  lending  energy  to  perseverance, — 
that  chance  should  save  all,  and  jiresent  at  once  a  fact  to  im- 
mortalize the  observer  !  This  is  a  lesson  of  modern  times  that 
should  render  us  cautious  of  all  history,  as  the  entire  account 
is  a  fable.  Galvani  was  long  and  ardently  a  student  in  elec- 
trical science ;  so  devoted  was  he  to  the  subject,  so  absorbed 
in  the  discovery  of  its  mysteries,  that  self  was  forgotten,  and 
in  his  enthusiasm,  in  1786,  he  grasped  in  his  hands  the  rod  of 
an  insulated  atmospheric  conductor  at  the  very  time  when 
lightning  was  darting  from  the  clouds  directly  over  his  head, 
fortunately  for  science  and  for  himself,  the  rash  and  daring" 
experiment  was  unattended  by  a  fatal  result. 

It  is  on  record  that,  twenty  years  before  the  publication  of 
his  'Commentary,'  Galvani  was  engaged  in  experiments  as 
electricity,  and  that  he  used  the  nerves  of  a  frog  from  finding 
them  the  most  delicate  test  even  of  atmospheric  electricity. 

Dr.  Wilkinson,  of  Bath,  in  his  'Elements  of  Galvanism,' 
published  in  1804,  proved  this  discovery  of  Galvani  to  be 
correct ;  and  he  calculated  that  the  ii-ritable  muscles  of  a  frog's 
leg  were  no  less  than  56,000  times  more  dehcate  as  a  test  of 
electricity  than  the  most  sensitive  condensing  electrometer. 
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]  He  found  that  two  pieces  of  zinc  and  silver,  each  jjresenting  a 
;  superficial  suiface  of  yIto  i^ch,  produced  violent  contractions 
iin  the  leg  of  a  prepared  frog;  whilst  two  circular  plates  of 
iziac  and  copper  required  to  be  brought  twenty  times  in  con- 
ttact  with  the  condenser  before  any  sensible  divergence  of  the 
ggold  leaves  of  an  electrometer  was  produced.  By  comparing 
tthe  area  of  these  plates,  multiplied  by  the  number  of  contacts, 
rwith  the  superficial  surface  of  the  minute  pieces  of  zinc  and 
Bsilver  employed  to  affect  the  frog's  leg,  he  arrived  at  the  above 
cconclusion. 

Professor  IVTatteucci  has  fully  corroborated  this  experiment, 
land  availed  himseK  of  it  by  constructing  a  frog  gaJvanoscope. 

In  the  collection  of  Galvani's  works,  recently  published  by 
ihe  Academy  of  Sciences  of  Bologna,  his  '  Experiments  on  the 
tElectricity  (jf  Metals'  are  dated  September  20,  1786.  His 
Dther  scientific  essays  on  his  varioiis  discoveries  are  numerous. 

Ivas  not  until  the  year  1791  that  the  discovery  of  what  is 
ned  galvanism  was  pubhshed  to  the  world  by  its  author, 
xalvani  showed  that  if  a  metallic  arc  be  constructed  of  two 
erent  metals  joined  together,  and  one  extremity  of  it  touched 
nerves  and  the  other  the  muscles  of  a  frog,  a  contraction 
;onviilsion  took  place ;  that  the  metals  used  should  be  those 
it  liable  to  oxidation ;  and  that  in  the  experiments  the 
;trical  machine  was  unnecessary. 
The  Voltaic  Battery. 
The  announcement  of  the  discoveries  by  Galvani  aroused 
attention  of  scientific  men  all  over  the  world,  who  repeated 
experiments  of  the  Bolognese  philosopher.  Amongst 
ers  was  Yolta,  who  for  thirty  years  occupied  the  chair  of 
tural  Philosophy  in  the  University  of  Pavia,.  and  whom 
poleon  did  himself  the  honour  to  create  a  count  and  senator, 
ita  combated  the  opinions  of  Galvani  as  to  the  different  parts 
m  animal  being  in  opposite  states  of  electricity,  which  the 
)lication  of  the  metallic  arc  restored  to  an  equilibrium.  He 
isidered  that  the  metallic  arc  developed  electricity  which 
tatcd  the  nerves,  sometimes  producing  the  sensation  of  light 
taste,  sometimes  exciting  contractions.  In  August  1796 
dLscovcrcd  that  which  has  rendered  his  name  immortal,  the 
Itaic  Pile,  a  description  of  which  was  published  in  1800, 
the  '  Philosophical  Transactions.'    It  consists  of  alternate 
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layers  of  silver  or  copper  and  zinc  plates  arranged  in  regular 
order,  one  above  another,  with  moistened  flannel  or  pasteboard 
between  each  pair.  By  wetting  the  flannel  or  pasteboard  -with 
salt  and  water,  the  strength  of  the  shock,  which  is  felt  on 
moistening  the  fingers  and  touching  each  end,  is  increased. 

De  Luc  formed  what  is  called  an  electric  column,  or  dry 
pile ;  this  consisted  of  small  round  pins  of  silver,  zinc,  and 
paper,  placed  alternately.  About  a  thousand  of  these  being- 
inserted  in  a  diy  glass  tube,  a  brass  cap  at  each  end  screws 
them  up  tight.  The  centre  of  the  pile  is  neutral,  but  the  ends 
are  in  opposite  electrical  conditions.  The  late  Mi*.  Seiger 
improved  iipon  this  by  placing  together  about  twenty  thousand 
series  of  silver,  zinc,  and  double  discs  of  writing-paper ;  from 
this  bright  sparks  could  be  produced,  thin  wire  melted,  and 
shocks  received. 

Many  valuable  and  important  improvements  in  the  con- 
struction of  the  apparatus  for  generating  voltaic  power  have 
been  made  by  Cruickshank,  Wollaston,  DanieU,  Smee,  Grove, 
and  Bunscn,  but  the  details  would  occupy  too  much  si)ace  to 
describe. 

The  general  principle  of  Cruickshank's  battery,  however, 
consists  in  ha^nng  a  wooden  trough  lined  with  pitch,  into 
grooves  of  which,  cut  in  the  sides,  are  placed  in  an  upright 
position  mctaUic  plates  of  zinc  and  copper,  and  alternately,  of 
any  dimensions, — and  between  each  division  Is  poured  an 
exciting  liquid  consisting  of  diluted  acid.  The  copper  plate  of 
one  cell  is  connected  by  a  wire  with  the  zinc  plate  of  the  next, 
in  all  voltaic  batteries.    From  each  end  proceeds  a  wire,  which 


Fig.  330. 

from  the  zinc  end  of  the  trough  conducts  positive,  from  the 
copper  end  negative  electricity  (fig.  330). 


THE  VOLTAIC  BATTERY. 


473 


Frictional  or  machine  electricity  is  remarkable  for  intensity ; 
that  is  to  say,  it  has  great  power  in  overcoming  obstacles,  and 
restores  its  eqiiilibrinm  with  a  vivid  spark.  To  produce  a 
large  spark,  a  very  lai'ge  voltaic  battery  is  needed.  However, 
in  quantity,  the  voltaic  form  of  electricity  far  excels  the  other. 
The  term  quantity  signifies  the  power  of  causing  chemical  change 
or  decomposition.  This  is  exerted  to  a  very  small  extent  by 
the  electrical  machine,  but  most  powerfully  by  the  voltaic 
battery.  Another  difference  between  the  frictional  and  voltaic 
electricities  is  foimd  in  the  contimious  action  in  the  latter.  The 
terminations  of  the  wires  form  the  poles  of  the  battery ;  as 
soon  as  they  are  brought  in  contact,  a  slight  spark  restores 
electric  equilibrium  for  the  moment,  but  this  is  immediately 
( disturbed  by  the  continuance  of  the  chemical  action  in  the  cells, 
iso  that  spark  foUows  spark  apparently  without  intermission. 
'This  continuous  action,  so  unlike  the  momentary  discharge  of 
I  the  friction-machine,  is  called  the  current.  It  may  produce  a 
I  notable  effect  without  possessing  a  sufficient  intensity  to  cause 
a  a  visible  spark. 

It  is  found  by  experience  that  the  intensity  of  the  electric 
f  force  is  not  increased  by  enlarging  the  size  of  the  plates ;  which, 
bhowever,  adds  to  the  quantity  of  electricity  excited.  Thus,  a 
ffew  large  plates  are  used  to  effect  chemical  decomposition,  and 
la  number  of  small  plates  to  produce  a  spark,  electric  shock,  &c. 

WoUaston's  voltaic  battery  (fig.  331)  consists  principally  in 
ilthe  arrangement  of  doubling 
tche  copper  plates  c  c  c,  so  as 
t^to  expose  them  to  both  siu-- 
faces  of  the  zinc  hhh.  The 
[kplatcs  are  screwed  to  a  bar 
af  wood  a ;  pieces  of  wood 
ar  cork  are  placed  between 
the  zinc  and  copper  surfaces 
prevent  their  contact; 
ley,  are  then  placed  in  a 
ough.  , 
To  keep  the  battery  in  <!' 
fjerfect  action,  it  wiU  be  Fig.  331. 

■accessary  from  time  to  time  to  cleanse  the  zinc  plates  from  the 
ixidc  which  accumulates  upon  their  surfaces ;  brushing  them 
)ver  with  a  little  muriatic  acid  or  nitrate  of  mercury  wiU 


474 


ELECIBICITY. 


answer  the  purpose  best,  aud  secure  a  greater  permanency  of 
action.  The  common  voltaic  pile,  on  account  of  the  loss  of 
moisture,  generally  loses  its  electrical  action  in  a  few  days, 
and  this  cannot  be  renewed  without  the  trouble  of  reconstruc- 
tion; but  by  WoUaston's  contrivance,  which  becomes  active 
on  merely  filling  the  cells  with  the  proper  acid  or  saline  fluids, 
much  trouble  and  time  is  saved. 

Mr.  Grove's  batteries  are  constructed  out  of  a  stoneware 
porous  vessel  divided  into  partitions,  into  each  of  which  two 
zinc  plates,  with  a  sheet  of  platinum  bet-tt'een  them,  are  placed, 
and  connected  together  with  clamp  screws.  Common  roUed 
zinc,  one-thii'ticth  of  an  inch  thick  and  well-amalgamated 
■v\ith  nitrate  of  mercury,  may  bo  employed.  On  the  zinc  side, 
or  into  the  porous  vessels,  is  poured  a  solution  of  either  muri- 
atic acid,  diluted  with  from  two  to  two  and  a  half  water;  or, 
if  the  battery  be  intended  to  remain  a  long  time  in  action,  of 
sulphuric  acid,  diluted  with  four  or  five  parts  of  water ;  and 
on  the  platinum  side,  concentrated  nitro- sulphuric  acid,  formed 
by  previous  mixture  of  equal  measures  of  the  two  acids.  The 
apparatus  should  be  provided  with  a  cover  containing  lime,  to 
absorb  the  nitrous  vapour. 


Fig.  332. 

The  accompanying  figure  (332)  represents  the  complete 
battery,  with  one  set  of  plates  removed  from  the  porcelain, 
trough  d,  showing  the  arrangement :  a  is  the  bent  zinc  plate, 
I  the  insulated  platinum  plate  in  its  porous  cell,  c  the  next 
platinum  plate,  connected  by  means  of  a  binding  screw  with, 
the  zinc  at  a. 

Many  cmious  and  abstruse  questions  may  be  raised  with 
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respect  to  the  theory  and  action  of  the  voltaic  battery.  It  is  not 
our  intention  to  enter  into  these.  We  proceed  to  glance  at  its 
more  important  practical  applications,  some  account  of  which 
may  claim  a  place  even  in  an  elementary  work. 

Electrolysis,  or  Voltaic  Decomposition. 

It  has  been  shown  experimentally  by  Faraday  and  others, 
that  voltaic  electricity  immeasurably  surpasses  that  of  the 
glass  machine  in  its  power  of  causing  chemical  decomposition. 
'  Thus  an  amoimt  of  friction-electricity,  sufficient,  when  dis- 
.  charged,  to  kill  a  small  animal,  had  to  be  multiplied  800,000 
■  times  before  it  would  decompose  a  single  drop  of  water. 

Chemical  decomposition  produced  by  the  voltaic  battery  is 
I  called  electrolysis.  Its  amoimt  has  a  relation  to  the  size  of 
1  the  plates  in  the  battery,  and  the  amount  of  chemical  action 
I  going  on  in  the  cell.  The  substance  must  be  in  the  liquid 
^  state,  or  dissolved  in  a  liquid,  before  it  can  be  decomposed  by 
]  passing  the  galvanic  current  through  it.  The  particles  must 
1  be  capable  of  ready  motion  and  transference.  The  decomposed 
1  compound  is  arranged  into  two  parts,  one  of  which  is  collected, 
(  Or  evolved  (if  a  gas),  at  one  pole  of  the  magnet,  the  other  at 
tthe  other.  This  takes  place  in  a  decomposing  cell  where  are 
tthe  two  poles  of  the  battery,  which  may  terminate  in  two 
imetal  (platinum)  plates.  The  one  which  corresponds  with 
tthe  zinc  in  the  other  cells  is  the  positive  pole,  the  one  answer- 
'ing  to  the  platinum  the  negative  pole.  When  water  is  acted 
(on,  hydrogen  gas  bubbles  up  at  the  negative,  and  oxygen  at 
the  positive  pole.  If  an  alkali  be  decomposed,  its  metal 
ppears  at  the  same  pole  as  the  hydrogen.  It  was  thus  by 
means  of  the  galvanic  battery  that  Davy  in  1807  was  enabled 
announce  the  great  discovery  that  the  alkalies  were  metallic 
'des,  an  announcement  that  opened  out  a  new  era  for 
lemical  science.  Chlorides  and  iodides  of  the  metals,  and 
etaUic  salts  are  all  in  this  way  decomposed  with  various 
acUity,  the  metal  going  to  the  negative,  the  element  or  com- 
pound combined  with  it,  to  the  positive  pole  of  the  decomposing 
3ell. 

Bodies  which  are  capable  of  being  thus  decomposed  by  the 
roltaic  ciurrent  are  called  electrolytes. 

The  arrangement  of  different  bodies  at  different  ends  of  the 
mica  commimicating  with  the  battery  is  shown  in  the  following 
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simple  experiment :  if  a  glass  tube  bent  in  the  form  of  the 
letter  V  be  filled  with  distilled  water,  and  corked  at  each  end, 
if  then  two  pieces  of  platinum  wire  be  passed  through  the  corks 
and  allowed  to  reach  within  an  inch  or  two  of  each  other  in 
the  tube,  and  the  other  ends  of  the  wires  connected,  the  one 
with  the  positive  and  the  other  at  the  negative  end  of  the 
battery,  a  continued  stream  of  bubbles  of  gas  will  proceed  from 
the  negative  wire  to  the  end  of  the  tube,  and  will  be  found  to 
be  hydrogen  or  inflammable  gas,  and  that  from  the  positive 
wire  wiU  accumulate  at  the  other  end  of  the  tube  and  be  pure 
oxygen. 

Prom  Davy's  paper  in  the  '  Philosophical  Transactions,'  on 
"  Some  Chemical  Agencies  of  Electricity,"  we  quote  the 
following  interesting  experiment  on  the  passage  of  acids, 
alkalies,  ifec,  by  the  influence  of  the  electric  current,  through 
solutions  of  other  substances. 

"  An  arrangement  was  made,  consisting  of  three  vessels  (fig. 
333)  containing  as  many  different  fluids ;  a  solution  of  sulphate 


Fig.  333. 

of  potash  was  placed  in  contact  with,  the  negatively  electrified 
point  N,  pure  water  was  placed  in  contact  with  the  positively 
electrified  point  p,  and  a  weak  solution  of  ammonia  was  made 
the  middle  Hnk  of  the  conducting  chain,  so  that  no  sulphuric 
acid  could  pass  to  the  positive  point  in  the  distilled  water 
without  passing  through  the  solution  of  ammonia  ;  the  three 
glasses  Avere  connected  together  by  pieces  of  amianthus.  A 
power  of  150  pairs  was  used  ;  in  less  than  five  minutes  it  was 
found,  by  means  of  litmus-pajier,  that  acid  was  coUocting 
round  the  positive  point ;  in  half  an  hour  the  result  was  suffi- 
ciently distinct  for  accurate  examination. 

"  The  water  was  sour  to  the  taste  and  precipitated  a  solution 
of  nitrate  of  barytes. 

"  Similar  experiments  were  made  with  solution  of  lime  and. 
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•5veak  solutions  of  potash  and  soda,  in  place  of  the  ammonia, 
and  the  results  were  analogous.    With  strong  solutions  of 
potash  and  soda  a  much  longer  time  was  required  for  the  ex- 
hibition of  the  acid ;  hut  even  with  the  most  saturated  alkaline 
'ixivium,  it  always  appeared  in  a  certain  period.  Muriatic 
id  from  muriate  of  soda,  and  nitric  acid  from  nitrate  of 
potash,  were  transmitted  through  concentrated  alkaUne  men- 
stnia  under  similar  circumstances.    "V\Tien  distilled  water  was 
nlaced  in  the  negative  part  of  the  circuit,  and  a  solution  of 
ulphuric,  muriatic,  or  nitric  acid  in  the  middle,  and  any 
.  utral  salt,  with  a  base  of  lime,  soda,  potash,  ammonia,  or 
lagnesia,  in  the  positive  part,  the  alkaline  matter  was  trans- 
litted  through  the  acid  matter  to  the  negative  surface,  with 
mOar  circumstances  to  those  occurring  during  the  passage  of 
;ie  acid  through  alkaline  menstrua  ;  and  the  less  concentrated 
the  solution,  the  greater  seemed  to  he  the  faculty  of  trans- 
■ission." 

These  and  similar  experiments  excited,  when  fii'st  promul- 
ited,  the  utmost  astonishment  in  the  scientific  world. 

Ozone. 

During  the  decomposition  of  the  water  by  the  voltaic 
irrent,  a  powerful  phosphorous-like  odour  is  evolved,  which 
IS  received  the  name  of  ozone.  The  evolution  of  this  matter, 
a  aUotropic  form  of  oxygen,  although  long  recognized  diuing 
ic  action  of  the  common  electrical  machine  by  its  odour,  the 
.Mse  of  the  formation  of  this  peculiar  body  was  only  lately 

iced  by  Professor  Schonbein  of  Bale.    The  substance  is 

olved  under  many  other  circumstances,  as  when  a  stick  of 
hosphorus  is  allowed  to  remain  for  a  short  time  in  a  large 
ass  bottle  full  of  moist  air  ;  or  still  better,  by  placing  a  little 
•  her  in  a  large  glass  bottle,  and  tlien  holding  in  it  a  previously 

ated  glass  rod,  so  as  to  reach  nearly  to  the  surface  of  the 
her.  Ozone  is  a  most  energetic  ozidizing  agent :  a  piece  of 
Ivor  leaf,  on  being  exposed  to  its  influence,  cmmbles  almost 
nraodiately  into  oxide ;  it  is  also  a  most  remarkable  deodorizer, 

most  instantly  removing  the  offensive  smell  evolved  by  a 

Iiece  of  tainted  meat.  Ozone  frequently  exists  in  the  atrao- 
uhere,  especially  in  the  air  blowing  from  the  sea,  and,  in  aU 
■robability,  plays  a  most  important  part  in  the  laboratory  of 
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free  the  iodine ;  hence  a  piece  of  paper,  moistened  with  a 
mixed  solution  of  iodide  of  potassium  and  starch,  turns  blue 
when  exposed  to  its  influence,  and  thus  becomes  a  dehcate 
test  of  its  presence  in  the  atmosphere.  Various  kinds  of 
apparatus  called  ozonometers,  have  been  constructed  for  the 
piu'pose  of  measm-ing  the  quantity  of  ozone  in  the  atmosphere, 
in  relation  to  questions  of  health  and  disease. 

The  Coil  Machine. 

That  the  voltaic  current  is  capable  of  causing  the  contrac- 
tion of  the  muscular  tissues  of  animals  under  certain  circum- 
stances, was  discovered  from  the  fii'st  by  Galvani.  Contractions 
may  be  caused  in  the  limb  of  a  paralytic  patient  by  the  current 
of  an  ordinary  battery.  But  to  cause  a  shock,  or  powerful 
impression,  the  intensity  of  the  galvanic  electricity  must  be  in 
some  manner  augmented.  This  may  be  effected  Iby  causing  it 
to  pass- along  a  considerable  length  of  wire  around  a  magnet 
in  the  centre. 

The  Elcctro-^nagnetic  Coil  Machine  is  used  as  a  remedial 
agent  in  the  ti'eatmcnt  of  many  forms  of  chronic  disease,  A 
weak  current  must  in  all  be  begun  with,  and  gradually; 
increased  in  strength  as  the  patient  ceases  to  be  affected  by 
it ;  the  best  form  for  administering  the  galvanism  is  by  th 
agency  of  such  a  combination,  as  is  here  represented  (fig.  334)- 


rig.  334. — Electro-magnetic  Coil  Macliine. 

From  the  lattery,  an  upright  jar  in  which  plates  of  zinc  ar 
immersed  in  diluted  sulphmic  acid,  proceed  two  copper  yn: 
which  are  connected  by  two  binding  screws  to  the  magne 
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coil.  This  is  made  by  winding  roimd  a  hollow  cylinder  of 
wood  a  considerable  length  of  stout  copper  wii'e,  co-vered  "with 
cotton  thread  for  the  purpose  of  insulation ;  over  this  coil  a 
much  greater  length  of  fine  copper  wire,  previously  covered 
•with  cotton,  is  wound.  Tlie  two  ends  of  the  wire  are  then 
firmly  connected  with  the  two  binding  screws  in  front  of  the 
apparatus.  The  coil  of  thick  wire  is  called  the  primary ; 
through  it  the  current  from  the  battery  first  circulates.  The 
coil  of  thin  wire,  termed  the  secondary,  is  intended  to  convey 
to  the  patient  the  electricity  which  is  developed  in  it  by 
induction  every  time  contact  between  the  primary  coil  and 
battery  is  broken  and  renewed.  The  breaking  and  renewing 
of  the  batteiy  contact  is  effected  by  a  little  electro-magnet, 
with  a  vibrating  armature,  placed  on  the  top  of  the  small  stage, 
through  which  the  ciu-rent  from  the  battery  is  caused  to  pass 
at  very  short  intervals.  The  vibrating  motion  of  the  armature 
throws  on  and  cuts  off  the  electric  ciuTcnt  from  the  coil,  and 
a  rapid  series  of  shocks  may  thus  be  communicated  to  a  patient, 
being  directed  through  any  part  of  his  body  by  means  of  the 
sponge  directors  shown  lying  loose  in  the  figTire. 

HuJimJcorff's  Apparatus. 

M.  Ruhmkorff,  a  philosophical  instrument-maker  at  Paris, 
1  has  contrived,  by  the  application  of  well-known  principles,  and 
I  by  a  new  combination  and  enlai-gement  of  the  induction  coil,  to 
I  produce  from  voltaic  electricity  some  of  the  most  beautiful  effects 
t  of  the  electric  current  excited  by  a  very  powerful  machine,  and 
I  thus  to  show  most  clearly  the  identity  of  the  force  excited  by 
Ifeiction  and  by  chemical  action.  The  apparatus  consists  of  a 
■primary  coil  of  copper  wire,  roxmd  which  there  is  wound  a 
iJargo  quantity  of  finer  covered  wire ;  and  by  sending  a  voltaic 
pcurrent  through  the  first  soil,  electricity  is  induced  in  the 
^econd,  though  no  portion  of  the  voltaic  current  passes  through 
pit.  This  "  secondary  current,"  as  it  is  called,  possesses  an  in- 
ktensity  resembling  that  excited  by  the  electrical  machine. 
RRuhmkorff's  apparatus  may  be  described  in  a  few  words,  as  a 
■greatly  enlarged  medical  coil  machine.  The  flood  of  electricity 
•developed  by  this  apparatus  is  exhibited  in  many  beautiful 
Isxperimcnts.  For  a  successful  exhibition  of  the  capabilities 
■f»f  the  machine,  it  is  requisite  to  employ  a  dark  room,  and  to 
■ne  provided  with  an  efficient  air-pump.  v 
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Experiment  1.  The  globe  here  represented,  after  being  well 
exhaiisted  of  air,  is  attached  to  the  apparatus  as  at  fig.  335 
(No.l),  when  a  beautiful  faint  blue  light  is  apparent  on  one  of 
the  knobs  and  "svires.  Upon  turning  the  piece  a  (No.  3),  the 
light  appears  on  the  other  knob  and  wii'es.  In  this  condition 
unscrew  the  globe  at  e,  and  place  it  over  a  large  bottle  contain- 
ing a  little  alcohol,  spirits  of  turpentine  or  naphtha,  and  allow 
the  air  and  vapour  of  the  spirit  to  enter  tlic  globe ;  let  these 
be  rarefied  to  the  utmost  by  having  recourse  to  the  air-pump, 
and  again  attach  the  globe  to  the  apparatus,  when  it  presents 
the  appearance  of  being  full  of  a  beautiful  coloured  light, 
varying  according  to  the  spirit  employed,  each  being  stratified 
or  in  a  circular  form. 

Experiment  2.  Place,  as  in  No.  4,  two  very  thin  iron  wires. 
"VMien  these  arc  held  close  to  each  other,  as  represented, 
light  passes  from  one  to  the  other.  The  wire  from  which 
the  light  passes  remains  cold,  the  other  becomes  so  liot  that  its 
end  melts  into  a  Icnoh.  It  appears  as  if  all  the  light  was 
emitted  from  one  end,  and  the  heat  from  the  other.  In  thus 
experimenting  care  must  be  taken  to  hold  only  one  wire — the 
cold  one  ;  it  must  be  held  close  to  the  other.  Inattention  to 
this  caution  will  result  in  a  most  severe  shock. 

Experiment  3.  Remove  the  break.  Attach  two  wires  to 
X  X  (No.  5).  Hold  these  so  as,  at  pleasure,  to  complete  and 
intcri'upt  the  galvanic  circle.  Other  two  wires  are  attached 
at  p  p,  their  ends  being  about  |-  of  an  inch  asunder.  When 
the  current  is  closed  or  broken  at  A  a,  a  spark  passes  between 
B  and  B. 

Experiment  4.  Having  held  a  glass  plate,  8  or  9  inches  ' 
length,  over  hot  water,  so  as  to  cover  it  with  vapour,  place  th 
points  B  B  (No.  7)  on  the  glass  at  7  or  8  inches  distance.  0 
closing  the  circuit  at  a  a  (No.  5),  a  long  zigzag  spark,  Kk 
forked  lightning,  passes  between  the  points  b  b. 

Experiment  5.  Take  a  gilt-edged  book,  as  represented  No.  6 
place  the  ends  of  the  wire  b  b  (No.  6)  at  the  points  b  b  (No.  5) 
upon  closing  the  current  at  a  a,  the  whole  of  the  gilding  of  t 
book  appears  beautifully  luminous. 

Experiment  6.  Place  some  very  fine  copper  filings  upo- 
paper,  and  allow  the  ends  of  one  of  the  wires  b  b  (No.  2)  ti 
approach.    Connect  the  wire  a  a  permanently.    The  copjn 
filijags  will  be  attracted  from  the  paper  by  one  of  the  wn  '" 
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B  B,  to  a  height  of  nearly  half  an  inch,  whilst  the  other  wire 
exerts  no  such  influence. 

Experiment  7.  Substitute  powdered  plumbago  on  glass  for 
the  eopper  filings,  a  decided  instance  of  repulsion  ensues. 

Experiment  8.  Suppose  No.  7  to  be  a  glass  tube  of  about 
y^-jth  of  an  inch  in  calibre,  and  about  18  inches  long,  with  the 
platinum  wires  b  b  securely  fastened  into  both  ends.  Let  a  thin 
portion  be  drawn  out  as  at  a,  and  mercury  introduced,  as  in  the 
construction  of  a  common  thermometer.  Boil  the  mercury  \mtil 
it  Ls  nearly  all  expelled,  when  the  tube  is  to  be  sealed  at  a.  In  the 
vacuum  thus  obtained  hght  will  be  seen  to  pass  from  one  platinum 
wire  to  the  other,  on  connecting  the  tube  with  the  apparatus,  as 
in  No.  1,  Instead  of  connecting  both  wires,  if  the  lower  one 
only  is  attached,  and  the  tube  be  touched  with  the  hand  at  x, 
the  light  will  pass  from  the  bottom  up  to  l,  but  there  stop. 
If  the  hand  be  lowered  to  e,  the  light  will  stay  at  that  point. 

An  Enghshman,  Mr.  Hearder  of  Portsmouth,  a  bHnd  philo- 
sopher, succeeded  about  the  same  time  Euhmkoi-ff  was  engaged 
in  the  construction  of  his  machine,  in  making  an  instmment 
on  a  somewbat  similar  principle,  but  capable  of  producing 
atill  more  wonderful  results ;  the  cost  of  which  was  consider- 
ably less  than  Euhmkoi-ff's. 

Stratifications  and  DarJc  Bands  in  Electrical  Discliarges,  as 
observed  in  Torricellian  Vacuums. 

Mr.  Gassiot,  by  following  out  the  principles  indicated  by 
Mr.  Welsh,  that  of  carefully  removing  all  trace  of  moisture,  and 
thoroughly  cleaning  the  tubes  before  introducing  the  mercury, 
succeeded  in  obtaining  Torricellian  vacuums  which  exhibit 
stratifications  in  a  uniform  and  very  marked  manner. 

The  sealed  tubes  generally  used  by  Mr.  Gassiot  are  made 
ot  the  usual  glass  tubing,  about  an  inch  internal  diameter, 
and  varying  from  10  to  38  inches  in  length.  In  the  latter  case 
the  platinum  wires  are  about  32  inches  apart.  One  of  the 
tubes  made  by  Mr.  Ladd  for  Mr.  Gassiot  is  5  feet  3  inches  in 
length,  with  wires  4  feet  9  inches  apart. 

"With  a  tube  prepared  on  Mr.  Welsh's  principle,  and  the 
usual  sized  Kuhmkorff's  induction-coil  excited  by  a  single  cell 
of  Grove's  nitric  acid  battery,  with  or  without  a  condenser,  the, 
phenomena  of  the  stratified  discharge  can  be  seen  and  examined 
with  ease,  and  without  the  trouble  and  uncertain  manipula- 
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tion  of  an  air-pump,  or  the  employment  of  phosphorous  and 
other  vapours. 

If  the  discharges  are  made  in  one  direction,  a  black  deposit 
takes  place  on  the  side  of  the  tuLe  nearest  the  negative  ter- 
minal. This  deposit  is  platinum  in  a  state  of  minute  division 
emanating  fi-om  the  wire,  which  becomes  black  and  rough  as 
if  corroded.  The  minute  particles  of  platinum  are  deposited 
in  a  lateral  direction  from  the  negative  wire,  and  consequently 
in  a  different  manner  from  that  described  as  occurring  in  the 
voltaic  arc  (De  la  Hive's  '  Electricity,'  vol.  ii.  p.  288),  so  that 
the  luminous  appearance  of  the  discharge  from  the  induction- 
machine  can  in  no  way  arise  from  the  emanation  of  particles 
of  the  metal. 

A  series  of  experiments  made  in  the  apparatus  first  pre- 
]  pared,  by  which  the  mercury  is  lowered  or  raised  in  the 
'  vacuum  tube,  gives  a  peculiar  appearance  when  the  mercury 
•  is  made  either  positive  or  negative.  In  some  instances,  and 
1  particularly  when,  instead  of  wires,  platinum  balls  ^th  of  an 
iinch  in  diameter  are  used  for  terminals,  the  stratifications 
i  instantly  cease  when  the  mercury  rises  above  the  negative 
IbaU;  but  when  the  pole  of  a  magnet  is  presented  to  the 
positive  ball,  the  stratifications  are  drawn  to  the  length  of  two 
or  three  inches  down  the  tube. 

In  the  sealed  tubes  the  stratified  discharge  is  obtained  by 
ifrictional  electricity ;  and  if  a  charged  Leyden  jar  is  discharged 
through  the  vacuum  by  a  wet  string,  the  stratifications  ai-e  as 
listinct  as  from  the  induction  coil. 

By  a  siagle  disruptive  discharge  of  the  primary  current  ex- 
•ited  by  a  single  ceU,  the  entire  tube,  whatever  may  be  its 
ength,  is  filled  with  stratifications  as  far  as  the  dark  band 
'lear  the  negative  wire.  From  this  experiment  Mr.  Gassiot 
s  of  opinion  that  the  phenomenon  cannot  be  in  any  way  due 
■0  the  vibrations  of  the  contact-breaker.  With  one,  two,  or 
ihree  cells  no  appearance  of  a  luminous  discharge  can  be  per- 
eived  on  making  contact;  it  only  appears  on  breaking, 
.f,  however,  the  intensitj'  of  the  primaiy  ciirrent  is  increased 
y  using  ten  or  more  cells,  sti'atifieations  appear  on  making  as 
•reU  as  on  breaking  the  contact  of  the  primary  circuit.  These 
ratifications  ai'c  always  concave  towards  the  positive  terminal, 
nd  as  the  discharges,  on  making  and  on  breaking,  emanate 
■om  different  terminals,  their  concavities  are  in  opposite  direc- 
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tions, — a  fact  whicli  explains  the  different  ways  in  -wliicli 
several  electricians  have  described  and  figured  the  form  of  the 
discharge  with  the  coil.  These  stratifications  appear  in  quick 
succession,  but  they  can  always  be  separated  in  any  part  of 
the  tube  by  a  magnet. 

Under  certain  conditions  the  positive  discharge  assumes  a 
pecuHar  form. 

The  pecuHar  difference  between  the  positive  and  negative 
discharge,  is  best  observed  in  an  apparatus  of  which  both 
terminals  are  made  of  sxirfaces  of  mercury,  or  the  positive  of 
a  surface  of  mercury,  and  the  negative  of  a  wire,  or  the  re- 
verse. In  this  apparatus,  also,  the  mercury  at  one  end  can 
be  elongated  S  or  10  inches.  When  the  mercury  is  negative, 
its  entire  sui-face  is  covered  with  a  brilliant  glow  ;  when  posi- 
tive, the  extreme  point  of  the  mercury  exhibits  intense  light, 
but  the  remainder  of  the  surface  appears  unaffected  by  the 
discharge.  In  order  to  test  whether  any  signs  of  interference 
can  bo  detected,  a  tube  is  required  with  four  wires,  by  which 
discharges  can  bo  observed  when  taken  from  separate  coils 
with  platinum  Avires  hermetically  sealed,  as  in  the  previously 
described  apparatus ;  but  in  no  case  did  any  sign  of  inter- 
ference appear.  The  discharges,  whether  in  the  same  or  in 
opposite  directions,  mingle ;  the  stratifications,  having  a  ten- 
dency to  rotate  round  the  poles  of  a  magnet,  and  obeying  the 
well-known  law  of  magnetic  rotations,  can  be  separated  by 
either  pole. 

If,  instead  of  sealed  wires,  tinfoil  coatings  are  placed  on 
the  vacuum  tube,  and  the  coatings  are  attached  to  the  termi- 
nals of  the  induction-apj)aratus,  brilliant  stratifications  imme- 
diately appear  in  the  portion  of  the  vacuum  between  the 
coatings,  but  without  any  dark  discharge.  On  approaching 
a  powerful  magnet,  the  stratifications  divide  into  two  equal 
series,  in  which  the  bands  or  strata  are  concave  in  opposite 
dii'ections. 

If  a  vacuum  tube,  with  or  "without  wires  or  coatings,  is 
placed  on  the  induction-coil,  or  on  the  j)rime  conductor  of  an 
electrical  machine,  stratifications  ajDpear  which  are  divided  by 
the  magnet.  Having  thus  ascertained  that  there  are  two 
distinct  forms  of  the  stratified  electrical  discharge,  M.  Gassiot, 
for  the  sake  of  clearness  of  expression,  terms  them  the  direct 
aiid  the  induced  discharge.   The  dii-ect  discharge  is  that  which 
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is  visible  in  a  vacuum  when  taken  from  two  wires  hermetically 
sealed  therein ;  this  discharge  has  a  tendency  to  rotate,  as  a 
whole,  round  the  poles  of  a  magnet.  The  induced  discharge  is 
that  which  is  visible  in  the  same  vacuum  when  taken  from 
two  metallic  coatings  attached  to  the  outside  of  the  tube,  or 
from  one  coating  and  one  wire ;  this  discharge  is  divided  by 
the  magnet,  and  the  two  divisions  have  a  tendency  to  rotate 
in  opposite  directions.  The  character  of  these  two  forms  of 
electrical  discharge  can  always  be  determined  by  the  magnet. 

The  correlation  of  magnetic  and  - electric  action  has  long 
since  been  known ;  but  the  curious  effect  of  the  power  of  a 
magnet  to  draw  out  the  stratifications  from  the  positive  ter- 
minal, and  in  some  instances  its  powerful  action  on  that 
portion  of  the  discharge  which  exhibits  the  phosphorescent 
light  in  its  greatest  intensity,  are  worthy  of  further  examina- 
tion. In"  the  preceding  experiments  Mr.  Gassiot's  object  was 
directed  to  the  examination  of  the  stratified  and  of  the  dark 
band  discharge ;  and  he  is  inclined  to  believe  that  the  strati- 
fications in  the  positive,  and  the  dark  band  between  it  and  the 
negative  glow,  although  apparently  similar,  are  effects  arising 
from  distinct  causes — the  former  from  pulsations  or  impulses 
of  a  force  acting  in  a  highly  attenuated  but  resisting  medium, 
the  latter  from  interference. 

Electrotyping  Process. 

By  one  of  those  singular  coincidences  in  the  history  of  dis- 
coveries, which  have  been  frequently  remarked,  Jacobi  of  St. 
Petersburg  in  1837,  and  Spencer  of  Liverpool  in  1838,  an- 
nounced, what  the  former  called  Galvano-plastik,  and  the 
latter  Electrography.  Although  there  exists  this  difference 
of  date,  the  diacoveries  were  independent  of  each  other.  The 
art  is  now  named  electro-metallurgy,  of  which  electro-plating 
is  an  important  branch.  Mr.  Spencer's  invention  was  for  de- 
positing copper  on  metallic  surfaces,  by  using  a  slight  coating 
of  wax.  M.  Jacobi,  in  March  1840,  recommended  the  giving, 
by  means  of  plumbago,  a  conducting  surface  to  non-metallic 
substances ;  but  in  January  of  the  same  year,  Mr.  Murray 
.  described  the  same  mode  in  this  country,  and  deservedly 
received  the  silver  medal  from  the  Society  of  Arts  for  a  dis- 
covery of  such  practical  importance. 

The  practice  of  electrotyping  from  this  period  took  its  rise : 
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it  is  the  delight  of  those  amateurs  who  have  leisure  for  its 
practice,  and  has  become  a  most  important  branch  of  the 
industrial  arts  of  this  and  other  countries.  The  principle  is 
simple,  and  may  thus  be  explained :  A  piece  of  zinc  and  a 
piece  of  copper  being  attached,  the  one  to  one  end  of  a  wire 
and  the  other  to  the  other  end,  is  placed  in  a  jar  of  water 
containing  sulphuric  acid,  and  the  water  is  decomposed ; 
the  hydi'ogen  escaping  at  the  copper  surface,  the  oxygen 
combining  with  the  zinc.  But  if  a  solution  of  sulphate  of 
copper  be  substituted  for  the  diluted  sulphuric  acid,  the 
hydrogen  then  liberates  the  copper  fi'om  its  solution,  by  com- 
l)ining  with  the  oxygen  previously  united  with  it,  and  the 
metal  is  deposited  on  the  copper  plate. 

For  the  purpose  of  electrotyping,  it  is  requisite  to  have  a 
continued  current  of  voltaic 
(jlectricity,  as  nearly  as  possible 
of  the  same  strength.  Daniell's 
"  constant"  battery  has  been 
found  well  adapted  to  supply 
sxich  a  current  for  operating  on 
a  small  scale.  It  consists  of  a 
.  cylinder  of  copper,  having  in 
the  inside  a  cylindrical  vessel 
of  biscuit- ware,  made  of  porous 
earth,  unglazed  and  very  thin ; 
and  in  the  middle  of  this  is  a  solid  rod  of  zinc,  having  a  sup- 
port at  the  top,  by  which  it  rests  on  the  middle  cylinder. 
Around  the  copper  cylinder  is  a  perforated  shelf,  on  which  is 
laid  crystals  of  sulphate  of  copper.  This  keeps  up  a  constant 
supply  of  sulphate  of  copper  in  the  water.  In  the  inside 
cylinder  there  are  poured  ten  parts  of  water  to  one  of  sul- 
phuric acid.  By  joining  together  a  number  of  these  single 
batteries,  one  of  any  extent  of  power  may  be  formed,  as  in  fig. 
336.  In  some  kinds  of  electrotyping,  arrangements  of  the 
moulds  are  placed  in  single  batteries,  and  there  acted  upon. 
In  others,  there  are  vessels  in  which  the  objects  are  placed, 
and  a  connexion  is  made  with  the  wires  from  the  battery. 

A  single-cell  apparatus  for  electrotyping  purposes  is  repi^- 
sented  in  the  diagram  (fig.  337),  e  being  the  mould  or  object 
from  which  it  is  desired  to  have  a  metal  fac-simile,  a  a  rod  of 
amalgamated  zinc,6  the  wire  joining  them ;  cthe  porous  earthen- 


ELECTROTYPING  PROCESS. 


487 


ware  containing  the  solution  of  acid  and  water,  cl  the  copper 
solution.  The  solution  is  first  poured  in, 
then  the  acid  water ;  and  finally  the  wire, 
with  the  mould  hanging  at  one  end,  is  at- 
tached to  the  zinc.  Especial  care  must 
be  taken  that  the  shelf  is  kept  supplied 
with  crystals  of  sulphate  of  copper,  that  the 
quantity  be  not  too  small  proportionately  to 
the  zinc,  and  that  the  concentrated  part  of 
the  solution  be  not  allowed  to  crystallize  and 
remain  at  the  bottom. 

Fig.  338  is  another  arrangement :  a  is  the 
battery ;  b  the  decomposition  cell  filled  with 
the  solution  of  sidphate  of  copper;  e,  f 
sheets  of  copper  to  furnish  a  supply  to  the 
moulds.  In  this  cell  the  solutions  are  poured 
in,  the  wire  d  connecting  the  copper  sheet  ^' 
and  the  copper  of  the  battery,  after  which  the  wire  c  from  the 
zinc  to  the  moulds  is  fixed,  and  adjusted  in  its  proper  position. 
The  charging  liquid  is  a  mixture  of  one  part  siilphuric  acid, 
two  parts  saturated  solution  of  sulphate  of  copper,  and  eight 
parts  of  water.    In  this  arrangement,  when  the  wires  are  con- 


Fig.  338. 

nected,  the  copper  from  the  solution  is  deposited  on  the  mould, 
and  the  plate  of  copper  is  gradually  dissolved,  thus  sustaining 
the  strength  of  the  solution.  Rather  a  longer  time  is  required 
by  this  method  than  with  the  single  cell ;  two  days  will  gene- 
rally produce  a  medal  of  very  good  substance,  firm  and  pliable ; 
the  time  required,  however,  for  these  experiments,  depends 
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much  on  the  temperature.  If  the  solutions  are  kept  very  hot, 
a  medal  may  be  made  in  a  few  hours :  in  severe  weather,  the 
action  of  the  battery  almost  ceases,  and  it  is  necessary  to  carry 
on  the  operations  before  a  good  fire. 

Professor  Jacobi  of  St.  Petersburg  invented  a  method  of 
converting  any  line,  however  fine,  engraved  on  copper,  into  a 
relief  by  a  galvanic  process ;  and  to  Jacobi  and  Spencer  must 
he  awarded  the  honour  of  having  made  one  of  the  most  im- 
portant discoveries  of  modern  times. 

It  would  be  interesting,  if  our  space  permitted,  to  trace  the 
rapid  development  of  an  art  which  now  ministers  to  our  daily 
enjoyment — for  in  some  shape  or  other,  the  results  of  the 
electrotype  are  ever  before  our  eyes — but  we  are  obliged  to 
forbear.  We  cannot,  however,  pass  on  withoiit  noticing  one 
unexpected  and  important  sanatory  result.  The  power  which 
"  takes  a  cast  of  the  eye  of  a  dragon-fly  so  perfect  that  under 
the  microscope  it  exhibits  the  innumerable  facets  of  the  com- 
pound eye,"  and  which  could  with  as  much  ease  cover  the 
dome  of  St.  Paul's  with  gold,  if  it  could  only  be  placed  in  an 
apparatus  sufficiently  large,  has  banished  the  old  process  of 
water-gilding,  which  very  often  produced  in  the  operatives  a 
miserable  disease  known  as  mercurial  intoxication.  The  mer- 
curial process  is  now  only  used  for  silvering  mirrors,  ,  and  it 
may  be  safely  predicted  that  this  wiU  in  a  short  time  be  super- 
seded by  one  less  injurious  to  health. 

We  must  not  omit  the  description  of  a  Platinized  Graphite 
Batteri/  for  electro  typing  purposes.  Plates  of  graphite  of  the 
required  size,  obtained  from  gas-retorts,  are  immersed  in  a 
mixture  of  one  part  of  sulphuric  acid  and  four  parts  of  water, 
for  at  least  a  couple  of  days  and  nights.  They  are  then  rinsed 
in  water  and  dried.  A  hole  is  then  drilled  in  each  plate  to 
receive  a  rivet.  The  top  of  the  plate  is  then  varnished  on 
either  side  of  the  rivet-hole,  and  on  both  sides  of  the  plate. 
About  an  inch  in  width  on  both  sides  in  the  middle,  having  the 
rivet-hole  in  the  centre,  is  to  be  left  unvarnished.  Electrotype 
copper  is  now  to  be  deposited  upon  the  part  that  is  left  unvar- 
nished, the  object  being  to  provide  a  surface  to  which  a  con- 
necting slip  of  copper  can  be  soldered.  A  slip  of  copper  about : 
an  inch  in  width  is  then  prepared  and  entirely  tinned.  The 
copper  that  has  been  deposited  on  the  graphite  plate  is  tinned 
in  like  manner.    The  object  of  this  is  to  preserve  the  copper 
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from  the  action  of  the  acid.    The  slip  of  copper  is  attached  to 
the  graphite  plate  by  means  of  a  copper  rivet,  which  has  been 
previously  tinned ;  and  then  by  means  of  the  soldering  iron. 
A  strong  "and  perfect  connexion  is  thus  obtained.    The  plates 
are  finally  platinized.  To  accomplish  this  a  mixture  of  one  part 
of  sulphuric  acid  and  ten  of  water  is  prepared.    Into  this  are 
dropped  a  few  crystals  of  chloride  of  platinum,  till  the  liquid 
acquires  a  pale  straw  colour.  A  common  battery  of  three  or  four 
cells  is  now  required.    The  graphite  plate  is  connected  with 
the  zinc  end  of  the  battery,  and  a  couple  of  platinum  plates 
are  connected  with  the  other  end.    The  graphite  is  placed 
between  the  pair  of  plates,  and  in  a  decomposition  cell,  and 
the  solution  of  chloride  of  platinum  is  poured  in  till  the  gra- 
phite plate  is  sufficiently  immersed.    In  twenty  minutes  or 
.  half  an  hour  the  surface  of  the  graphite  will  be  coated  with 
!  fine  black  particles  of  platinum  powder.    The  battery  cells  are 
( ordinary  stone  jars.    The  zinc  plates  are  well-amalgamated, 
;  and  are  placed  with  their  foot  in  mercury,  contained  in  a  gutta- 
jpercha  slipper.    Batteries  of  this  kind  are  very  inexpensive, 
sand  are  very  economical  in  use. 

Electro-plating  and  gilding  are  accomplished  by  having  very 
(carefuUy  prepared  solutions  of  the  desired  metals  first  made, 
eeither  for  a  single-cell  battery  or  a  decomposing  trough. 

The  purposes  to  which  electro-metallurgy  may  be  applied 
aare  innumerable.  By  it  articles  are  silvered,  coppered,  zinced, 
sand  gilt ;  etching  is  efi'ected  ;  casts  are  taken  from  metal  type, 
nwood-engravings,  busts,  and  statues ;  pipes  are  made  without 
'loints ;  metal  lace  and  cloth  prepared ;  and  deHcate  flowers 
and  minute  insects,  modelled  with  life-like  exactness. 

Explosion  by  Voltaic  Current. 

If  a  galvanic  battery  be  able  to  heat  a  wire  of  given  size 
d  length,  and  the  wire  be  drawn  out  to  a  greater  length,  it 
iU  heat  it  equally  in  its  extended  state ;  or,  as  Faraday 
states,  "  a  current  that  wiU  heat  one  inch  of  platinum  will 
•leat  a  hundred  inches,  allowance  being  made,  however,  for  the 
tooling  effects  of  the  air."    Thus  the  galvanic  current  may  be 
imployed  to  fire  gunpowder  at  a  safe  distance.    At  the  sug- 
.estion  of  Mr.  Palmer,  it  was  first  employed  in  submarine 
perations  by  General  Pasley,  in  the  removal  of  obstructions 
a  the  Thames,  and  afterw^ards  of  the  wreck  of  the  '  Eoyal 
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George'  at  Spithead.  But  perhaps  one  of  the  most  interesting 
operations  effected  by  this  power  was  the  blasting  of  the 
Eound  Down  Cliff  at  Dover,  on  Thursday,  Januaiy  26th, 
1843.  We  extract  the  following  account,  from  the  '  Illus- 
trated London  News,'  of  this  extraordinary  achievement  of 
engineering  skill. 

"  A  small  arched  drift-way  or  tunnel,  300  feet  in  length, 
running  from  east  to  west,  was  pierced  through  the  bottom  of 
the  cliff ;  from  this,  at  nearly  equal  distances,  three  weU-like 
shafts  were  sunk,  and  from  these  again  proceeded  three  hori- 
zontal galleries.  At  the  end  of  each  gallery  a  chamber  was 
prepared,  with  a  box  for  the  gunpowder.  The  centre  box 
contained  75  barrels,  and  the  eastern  and  western  55  each, 
making  in  the  whole  the  unparalleled  charge  of  185  barrels, 
or  18,500  lbs.  The  gunpowder  was  placed  in  upright  bags,  the 
mouths  open,  and  powder  sprinkled  very  thickly  between 
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Fig.  339. — a.  Section  of  Round  Down  Cliff,  b.  Drift-way,  and  chamber 
where  the  powder  was  placed,  c.  Battery-house,  d.  Line  of  re- 
quired face.    c.  Face  formed  by  the  blast.    Scale,  200  feet  to  an  inch. 

them.  Two  bursting  charges  were  placed  in  each  box,  by 
which  ignition  in  two  places  in  each  charge  was  produced  at 
the  same  instant,  and  the  simultaneous  action  of  the  whole 
charge  very  much  facilitated.    These  charges  were  placed  70 
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i  feet  from  each  other;  the  centre  one  (the  point  of  greatest 

;j  resistance)  90  feet,  and  the  lateral  ones  70  feet  from  the  face 

il  of  the  cliif.    The  apparently  dangerous  work  of  packing  the 

I  powder  and  inserting  the  fii-ing- wires  in  the  bursting- charges 

I  was  completed  in  three  hours,  by  Mr.  Hodges,  the  assistant- 

1  engineer,  and  Corporal  Eae,  of  her  Majesty's  Sappers  and 

i  Miners.    The  chambers  and  contents  were  then  carefully 
examined  and  approved  by  General  Pasley  and  Lieut.  Hutch- 

[  inson,  and  the  galleries  and  shaft  closed  up  with  tightly 

I  rammed  chalk  and  sand.    The  mass  to  be  scattered  by  this 

I  latent  power  was  calculated  at  about  500,000  tons ;  bat  the 

:  (Quantity  actually  removed  was  proved  to  be  upwards  of 

1  1,000,000  tons. 

i  "  On  the  slope  of  the  cliff  a  wooden  shed  was  constructed,  in 

'j  which  was  placed  a  triple  set  of  immense  compound  batteries, 

ij  each  one  consisting  of  three  sets  of  Daniell's  batteries  of  six 


'-■Fig.  340.— a.  Drift-way.  b.  Shaft,  c.  Gallery,  d.  Powder-chamber. 
'■m  e.  Box  of  powder-bags.  ///  Wire  from  batteries.  Scale,  10  feet 
H      to  an  inch. 
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cylinders  each,  and  two  plate  batteries  of  twenty  plates  each. 
From  each  of  these  batteries  a  wire  was  conducted  over  the 
cliff  to  a  powder-chamber,  where  it  terminated  in  a  bifurcated 


Fig.  341.— Plan  of  the  Batteries. 

point  'of  platina,  which  the  galvanic  fluid,  as  it  passed  over 
them,  heated  to  an  intense  white  heat,  sufficient  to  ignite  tli6 
powder.  These  wires  were  composed  and  formed  of  stout 
copper  wires  placed  round  a  rope,  to  which  they  were  firmly 
attached  by  a  coil  of  spun-yarn,  and  the  whole  again  wound 
round  and  covered  by  well-tarred  yarn.    These  wires  were 
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about  2200  feet  in  length.  Five  lai'ge  charcoal  fires,  to  dissi- 
pate damp,  completed  the  arrangements  "  (fig.  340). 

"  At  precisely  twenty-six  minutes  past  two  o'clock  a  dull, 
muffled,  booming  sound  was  heard,  accompanied  for  a  moment 
by  a  heavy  jolting  movement  of  the  earth  which  caused  the 
tknees  to  smite.  The  mines  were  fii'ed  !  In  an  instant  the 
:  bottom  of  the  cliff  appeared  to  dissolve,  and  to  form  by  its 
; melting  elements  a  hiu'ried  sea-home  stream.    The  superin- 


pig.  342.— Eound  Down  Cliff  from  the  Beach,  as  it  appeared  after  tlie 

explosion. 

imbent  mass,  to  the  extent  of  500  feet,  was  then  obseiTcd  to 
bparate  from  the  mainland,  and  as  the  dissolution  of  its  base 
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was  accomplished,  to  sink,  by  gradual  subsidence,  to  the  beach. 
In  two  miuutes  its  descent  and  dispersion  were  accomplished. 
The  huge  volleys  of  ejected  chalk,  as  they  swelled  the  lava- 
like stream,  seemed  to  roll  inwards  upon  themselves,  crushing 
their  integral  blocks,  and  then  to  return  to  the  surface  in 
smaller  and  coalescing  forms.  The  mass  seemed  to  fennent — 
to  be  splitting,  whirling,  fleeing,  under  the  influence  of  an 
unseen  but  uncontrollable  power.  There  was  no  roaring  ex- 
plosion, no  bursting  out  of  fire,  and,  what  is  very  remarkable, 
not  a  single  wreath  of  smoke,  for  a  mighty  agent  had  done  its 
work  imder  an  amount  of  pressure  which  almost  matched  its 
energies  ;  the  pent-up  fires  were  held  in  their  intensity  till  all 
smoke  was  consumed,  and  when  their  '  dogs  of  war '  were 
actually  let  loose,  they  were  even  then  compelled  to  '  do  their 
spiriting  gently.'  A  million  tons  of  weight  and  a  million  tons 
of  cohesion  held  the  reins.  When  the  turf  at  the  top  of  thd 
cliff  had  been  launched  to  the  level  of  the  beach,  the  stream 
of  debris  had  extended  a  distance  of  1200  feet,  and  covered  a 
surface  of  more  than  fifteen  acres !" 

Voltaic  Heat  and  Light. 

Sir  Humphry  Davy  exemplified  the  intense  heat  to  be 
derived  from  the  voltaic  battery.  With  a  series  of  2000  four- 
inch  plates,  he  produced  an  arched  stream  of  light  between  two 
charcoal  points,  with  which  he  fused  the  most  unmanageable 
of  the  metals  with  the  utmost  ease.  Diamond  vanished  into 
carbonic  acid  gas ;  when  thin  leaves  of  gold  were  burned,  a 
beautiful  white  light  tinged  with  blue  was  emitted  ;  silver  leaf 
gave  an  emerald-green  light,  copper  a  bluish- white  light  with 
red  sparks,  lead  a  purple,  zinc  white  tinged  with  red.  Pro- 
fessor Daniell,  with  his  improved  battery,  produced  such  a 
powerful  flame  between  two  charcoal  points,  as  to  scorch  his 
own  face  and  inflame  the  eyes  of  the  spectators.  The  precis© 
cause  of  this  light  science  has  not  yet  been  able  to  determine : 
all  that  is  known  is,  that  it  is  produced  by  the  discharge  of 
voltaic  electricity  through  a  non-conducting  or  resisting 
medium,  and  its  properties  are  much  the  same  as  those  of  the 
sun's  rays.  Some  years  ago  M.  Archereau  exhibited  the 
electric  light  in  Paris,  and  it  was  proposed  to  have  it  in 
several  points,  whereby  the  city  might  be  illuminated  as  hj  a 
sun  at  night.    Difliculties,  hoAvever,  arose  to  prevent  the  appli- 
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I  cation  of  the  invention,  arising  principally  from  the  inability 
tto  render  the  light  continuous.  Mr.  Allman  proposed  an 
iingenious  self-adjustment,  whereby  when  the  electricity  was 
I  more  than  necessary,  the  charcoal  points  became  wider  apart; 
jand  when  it  decreased,  they  approached  nearer. 

In  1846,  Messrs.  Greener  and  Staite  took  out  a  patent  for 
tthis  mode  of  illumiQating  thoroughfares  and  public  biiUdings. 
IThey  proposed  to  use  charcoal  and  platinum  points  in  air-tight 
rvessels.  Mr.  Staite  affirmed  that  with  a  battery  of  40  small 
ells  in  series,  the  light  was  equal  to  380  tallow  candles,  300 
ax  candles,  or  64  cubic  feet  of  gas ;  this  being  effected  by 
tthe  consumption  of  little  more  than  three-quarters  of  a  pound 
f  zinc  per  hour.  In  1848  it  was  publicly  exhibited  in  London. 
The  electric  light  is  so  briUiant  as  to  dazzle  inconveniently 

 ose  who  are  near.    It  diminishes  rapidly  in  intensity,  as  the 

_  pectator  reipoves  from  it.  The  opposed  points  are  found  to 
~ear  away  rapidly.  But  the  intermitting  character  of  the 
light,  a  fault  not  yet  quite  overcome,  has  been  hitherto  fatal 
to  the  general  use  of  this  invention. 

Mr.  Holmes  has  been  perfectly  successful  in  the  production 
a  continuous  and  powerful  electric  light,  by  combining 
1  series  of  magnets,  arranged  in  a  circular  form,  and  driven 
oy  a  small  steam-engine.  His  light  has  been  for  some  time 
operation  at  the  South  Foreland  Lighthouse.  Eye-witnesses 
lescribe  the  magnetic  light,  seen  from  the  sea,  as  intense,  like 
I  little  sun,  and  like  that  luminary  it  "  sets  "  from  the  con- 
vexity of  the  earth.  At  30  miles  it  does  not  appear  to  be  the 
(  east  dimmed,  and  it  even  penetrates  haze  and  fog  so  as  to 
indicate  its  "  whereabouts."  Although  the  light  itself  is  only 
I  "  spark  "  of  about  a  quarter  of  an  inch  long,  it  is  too  vivid 
'.0  be  stai'cd  at  with  an  unprotected  eye.  Seen  through  black 
goggles,  a  beautiful  cone  of  hght  may  be  observed  falling  from 
■he  upper  carbon  to  the  lower,  very  different  in  intensity  to 
he  glare  of  a  murky  coal  fire,  or  even  the  luminous  band  of 
fight  from  a  reflector. 

Professor  Way's  Electric  Light. 

The  principle  of  this  light  is  simply  the  application  of  a 
unning  stream  of  mercury  in  place  of  the  charcoal  points. 
Che  apparatus  consists  of  an  oval-shaped  pair  of  tubes  con- 
lected  at  each  end,  and  a  round  hollow  globe  about  the  size  of 
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an  orange,  in  whicli  is  placed  the  mercury.  The  mercury 
runs  from  a  point  to  a  cup  in  the  centre,  enclosed  within  a 
glass  tube,  and  here  it  is  heated  to  a  white  heat  as  it  flows  in 
a  fine  stream  from  the  upper  ball  into  the  cup,  and  thence  into 
the  lower  one,  thus  producing  an  indestructible  wick.  The 
wires  which  connect  the  battery  with  the  apparatus  are  coated 
with  silver,  enclosed  in  india-rubber,  and  have  an  outside 
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•ating  of  braided  hemp,  the  whole  being  as  pliable  as  pack- 
Lhread.    Midway  between  the  light  and  the  voltaic  battery  is 
a  brass  standard  a  few  inches  high,  with  which  the  wii'es  are 
imnected,  and  by  pressing  a  button  on  the  top  of  this,  simple 
as  the  key  of  a  piano,  the  light  can  be  given  in  flashes  of  as 
long  or  as  short  a  duration  as  the  operator  pleases.    This  is, 
however,  more  correctly  carried  out  by  a  small  instrument  of 
Mr.  Way's,  which  consists  of  a  piece  of  clockwork,  having  in 
ront  a  revolving  disc,  the  face  of  which  is  covered  with  nu- 
iierous  holes  with  pins  to  fit  in  as  may  be  required.    In  front 
f  the  disc  are  two  small  cylinders  with  pistons  and  arms 
ttached.    As  the  disc  revolves,  the  pins  in  its  face  Lift  the 
jtistons  in  the  cylinders  and  cut  off  the  connexion  between  the 
battery  and  the  lighting  apparatus,  thus  producing  flashes  of 
light  of  any  duration  that  may  be  required,  with  their  accom- 
jianying  intervals  of  darkness,  well  adapted  for  a  revolving 
light,  or  as  a  code  of  signals  for  night  service. 

A  very  ingeniously  constructed  gun,  fired  off  by  the  agency 
t  of  a  galvanic  battery  concealed  within  itself,  was  at  one  time 
t  exhibited  in  London,  which  discharged  balls  five-eighths  of  an 
iinch  in  diameter  at  the  rate  of  1000  per  minute  (fig.  343). 

Animal  Electricity. 

Galvani's  experiments  convinced  him  that  a  particular  form 
f  of  electricity,  denominated  by  him  animal  electricity,  existed 
iin  animals ;  he  believed  that  he  merely  excited  and  rendered 
sensible  this  electricity  by  coating  a  nerve  and  muscle  with 
imetals,  but  did  not  regard  the  latter  as  the  real  source. 

His  celebrated  experiment,  though  so  well  known,  is  one 
really  of  so  remarkable  a  character,  that,  repeat  it  as  often  as  we 
may,  it  can  never  be  looked  at  witiiout  some  feeling  of  dehght. 
To  perform  it,  take  the  legs  of  a  frog,  denuded  of  their  skin, 
and  attached  by  the  lumbar  nerves  to  a  portion  of  the  spine 
i(fig.  344).  Allowing  them  to  rest  on  a  glass  plate,  place  a 
piece  of  zinc  in  contact  with  the  nerves,  and  allow  the  feet  to 
rest  on  a  thin  slip  of  silver,  in  size  about  the  same  as  the  zinc' 
ey  wiU  remain  at  rest,  and  appear,  as  they  indeed  are,  dead 
d  powerless,  until  called  into  action,  by  connecting  them 
ith  a  piece  of  wire,  one  end  of  which  must  touch  the  zinc, 
d  the  other  the  silver.  Instantly  the  legs  will  be  seen  to 
contract,  and  kick  away  the  silver  plate.    It  has  been  stated 
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by  Professor  Matteucei,  that  this  curious  observation  was  not 
original  with  Galvani,  but  was  made  some  time  before  by  the 
celebrated  Swammerdam,  and  the  experiment  exhibited  by 
him  in  the  presence  of  the  Grand  Duke  of  Tuscany.  But, 


Fig.  344. 

however  that  may  be,  shortly  after  the  announcement  of 
Galvani's  discovery,  Professor  Yolta,  of  Pavia,  in  repeating 
this  and  other  analogous  experiments,  arrived  at  a  different 
conclusion  as  to  their  explanation,  and  he  showed  that  the 
electricity  was  really  excited  by  the  metals,  and  the  contraction 
of  the  muscles  of  the  frog  was  only  an  index  of  its  existence. 
Although  this  and  other  theories  obscured  for  a  time  the  views 
and  researches  of  the  illustrious  Galvani,  attention  was  again 
drawn  to  them  by  the  experiments  of  his  nei^hew,  Professor 
Aldini,  of  Bologna.  He  was  inspired  with  so  much  zeal  in 
the  defence  of  his  uncle's  theory,  that  he  travelled  through 
France  and  England  for  the  purpose  of  demonstrating  the 
truth  of  his  views  ;  and  in  the  presence  of  the  medical  officers 
and  pupils  of  Guy's  Hospital,  in  the  year  1803,  supported  and 
defended  a  series  of  propositions  so  satisfactory  and  conclusive, 
that  he  was  presented  by  his  auditors  with  a  gold  medal  com- 
memorative of  his  labours. 

Professor  Aldini's  propositions  and  conclusions  are  so  im- 
portant, and  of  such  high  interest,  that  we  shall  now  briefly 
refer  to  some  of  them,  as  they  demonstrate  the  existence  of 
free  electricity  in  animaLs,  as  wiU  appear  to  all  conversant  mth, 
this  branch  of  physiology. 

Prop.  1. — "Muscidar  contractions  are  excited  by  the  de- 
velopment of  a  fluid  in  the  animal  machine,  which  is  conducted 
from  the  nerves  to  the  muscles  without  the  concurrence  or 
action  of  metals." 

Exp.  A. — In  prooi  of  this  statement,  Aldini  procured  the- 
head  of  a  recently-killed  ox.    With  the  one  hand  he  held  the 
denuded  legs  of  a  frog,  so  that  the  portion  of  the  spine,  still 
connected  with  its  lumbar  nerves,  touched  the  tip  of  the  tongue, 
which  had  been  previously  drawn  out  of  the  mouth  of  the  ox 
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fig.  345).    The  circuit  was  completed  by  grasping  with  the 


Fig.  345, 

(  Other  hand,  well  moistened  mth  salt  and  water,  one  of  the 
tears.    The  frog's  legs  instantly  contracted;  the  contractions 
c  ceasing  the  instant  the  circuit  was  broken  by  removing  the 
lhand  from  the  ear.    The  intensity  of  these  contractions  was 
nmuch  increased  by  combining  two  or  three  heads  so  as  to  form 
a  sort  of  battery,  just  as  Matteucci,  forty  years  afterwards, 
found  to  be  the  case  with  his  pigeon  and  rabbit  battery. 
Exp.  B. — Aldini,  ha\dng  soaked  one  of  his  hands  in  salt 
d  water,  held  a  frog's  leg  by  its  toe,  and,  allowing  the 
'schiatic  nerves  to  be  pendulous,  brought  them  in  contact 
*th  the  tip  of  his  tongue.    Contractions  instantly  ensued 
m  a  current  of  electricity  traversing  the  frog's  leg  in  its 
route  from  the  external  or  cutaneous  to  the  internal  or  mucous 
covering  of  the  body.    By  this  very  interesting  experiment, 
dini  demonstrated  the  existence  of  the  musculo-cutaneous 
rrent.    Aldini,  in  connexion  with  this  experiment,  declares 
hat  the  pendulous  nervous  filaments  were  distinctly  attracted 
y  the  tongue ;  and  to  this  marvellous  and  hitherto  uncor- 
oborated  statement  calls  to  witness  Sir  Cliristopher  Pegge  and 
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Dr.  Bancroft,  to  ■whom  he  states  he  showed  this  experiment 
at  Oxford. 

Exp.  C. — The  proper  electricity  of  the  frog  was  found  by 
Aldini  to  be  competent  to 
the  production  of  con- 
tractions. For  this  pur- 
pose he  prepared  the  lower 
extremities  of  a  vigorous 
frog,  and,  by  bending  up 
the  leg,  brought  the  mus- 
cles of  the  thigh  in  contact 
with  the  lumbar  nerves  ^ig-  346. 

(fig.  346) :  contractions  immediately  ensued.  This  experiment 
is  now  a  familiar  one,  and  has  been  repeated  and  modified 
lately  by  Miiller  and  others. 

Exp.  D. — A  ligature  was  loosely  placed  round  the  middle 
of  the  crural  nerves,  and  one  of  the  nerves  apphed  to  a 
cdiTcsponding  muscle ;  contractions  ensued ;  but,  on  tightening 
the  ligature,  convulsions  ceased. 

This  statement  is  very  important,  as  upon  its  accuracy 
or  error  depends  what  has  been  regarded  one  of  the  tests  of 
the  identity  or  diversity  of  the  electric  and  nervous  agencies. 
It  was  repeated,  soon  after  Aldini's  annoimcement  of  the  fact, 
by  an  Italian  physician  of  celebrity,  Signer  VaUi,  who  com- 
menced his  researches  indeed  in  1792,  only  a  year  after  the 
publication  of  Galvani's  discovery ;  and  he  found  if  the  ligature 
was  applied  near  the  muscle  it  did  not  allow  tlie  contraction  to 
occur,  hut  if  nearer  tJie  spine  it  did  not  prevent  it.  It  has  been 
since  found  by  Prof.  Matteucci,  that  if  care  be  taken  to  insu- 
late the  nerve,  a  ligature  does  arrest  the  contraction,  as  well 
as  the  passage  of  a  very  weak  artificial  electric  current. 

"  Little  occiuTcd,"  writes  Dr.  Bird,  "  during  the  subsequent 
thirty-five  years  to  modify  these  conclusions,  or  add  to  their 
interest,  repeated  and  extended  by  numerous  observers,  espe- 
cially by  Humboldt,  and  more  lately  by  Miiller.  They  were 
almost  lost  in  the  blaze  of  novelty  surrounding  the  vast  dis- 
coveries made  on  the  constitution  of  inorganic  matter  by  the 
magic  pile  of  Volta,  an  instrument  which,  in  thc  hands  of  oar 
late  talented  countryman  Sir  Humphry  Davy,  resolved  many 
bodies  previously  considered  simple  into  their  constituent 
elements,  and  quite  changed  the  face  of  chemistry ;  and  still 
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more  recently,  directed  by  the  gifted  genius  and  vast  attain- 
ments of  a  Paraday,  has  led  to  the  discovery  of  new  sciences, 
and  of  properties  of  matter  before  undreamed  of ;  indeed,  has 
promised  to  lay  open  to  us  the  secrets  of  the  "working  of  the 
invisible  agents  presiding  over  the  ultimate  constitution  of 
material  masses." 

It  may  now  be  asked,  what  proof  do  we  possess  that  the 
action  on  the  muscular  fibre  of  a  frog's  leg  is  really  produced 
by  electric  currents  ?  It  is  true  that  this  is  generally  taken 
for  granted,  but  still  it  is  important  to  review  our  proofs. 
One  great  evidence  in  favour  of  this  opinion  is  at  once  found 
in  the  fact,  that  conti-actions  produced  in  frogs  can  only  be 
excited  when  connexion  is  made  between  a  nerve  and  muscle 
by  a  conductor  of  electricity,  all  other  bodies  interfering  with 
the  production  of  this  phenomenon.  The  only  thing  approaching 
to  a  more  positive  proof  before  the  researches  of  Matteucci,  is 
an  experiment  of  VaUi,  in  which  he  formed  a  sort  of  battery 
of  fourteen  prepared  frogs,  and,  by  the  electricity  thus  accumu- 
lated, succeeded  in  producing  the  phenomena  of  divergence  in 
a  delicate  electrometer.  It  is  to  be  regretted  that  no  accurate 
account  of  this  experiment  has  been  left  on  record ;  for,  if 
true,  it  must  be  regarded  as  most  satisfactory  in  proving  the 
identity  of  the  electricity  of  the  frog,  with  that  obtained  from 
other  sources. 

The  recent  researches  of  Prof.  Matteucci,  of  Pisa,  have, 
however,  completely  set  this  matter  at  rest.  He  has  incon- 
testably  proved  that  currents  of  electricity  are  always  circu- 
lating in  the  animal  frame,  and  not  limited  merely  to  cold- 
blooded reptUes,  but  are  common  to  fishes,  birds,  and  mammalia. 


i  Fig.  34Y. 

<?|  From  the  researches  of  this  philosopher,  it  appears  that  a 
rj  j  current  of  positive  electricity  is  always  circulating  from  the 
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interior  to  the  exterior  of  a  muscle ;  and  that,  although  the 
quantity  developed  is  exceedingly  small,  yet  that,  by  arranging 
a  series  of  muscles  having  their  exterior  and  interior  surfaces 
alternately  connected,  he  developed  sufficient  electricity  to 
produce  energetic  effects  (fig.  347). 

By  thus  arranging  a  series  of  half  thighs  of  frogs,  he  suc- 
ceeded in  decomposing  iodide  of  potassium,  in  deflecting  the 
needles  of  a  galvanometer  to  90°,  and,  by  aid  of  a  condenser, 
caused  the  gold  leaves  of  an  electrometer  to  diverge.  When 
more  delicate  tests  of  the  electric  currents  were  made  use  of, 
their  existence  was  demonstrated  in  the  muscles  of  all  animals, 
and  oven  of  man  himself. 

Professor  Matteucci  availed  himself  of  this  circumstance  in 
his  contrivance  of  the  frog-galvanoscope.  This  is  made  by 
skinning  the  hind  leg  of  a  frog,  and  separating  it  from  the 
trunk,  taldng  care  to  leave  as  long  a  piece  of  sciatic  nerve 
projecting  as  possible.  The  leg  must  then  be  placed  in  a 
glass  tube,  the  nerve  hanging  over  (fig.  348).  In  using  this 
contrivance,  aU 
that  is  necessary 
is  to  let  the  piece 
of  nerve  touch 
simultaneously  in 
two  places  the 
part  where  electric 
condition  is  to  be 
examined.  If  a  current  exists,  the  muscles  of  the  leg  will 
become  convulsed  at  the  moment  of  contact. 

In  this  way  the  Professor  detected  a  current  in  man ;  by 
making  a  clean  incision  into  the  muscles  of  a  recently  ampu- 
tated limb,  and  bringing  the  nerve  of  the  frog-galvanoscope  in 
contact  at  once  with  the  two  lips  of  the  wound,  contraction 
instantly  occurred.  In  a  recent  paper,  Matteucci  has  fiiUy 
corroborated  the  statement,  long  before  made  by  Dr.  "Wilkinson, 
of  the  marvellous  sensibility  of  the  irritable  muscles  of  the 
frog  to  the  stimulus  of  electricity.  For  even  after  an  electric 
jar  has  been  discharged,  and  the  two  surfaces  of  the  jar  re- 
peatedly brought  into  communication,  so  as  to  get  rid  of ^  any 
residual  charge,  and  lose  all  influence  on  the  more  delicate 
electrometer,  its  electric  equilibrium  is  still  sufficiently  dis- 
turbed to  excite  convulsions  readily  in  the  frog-galvanoscope. 
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In  pigeons  and  fowls,  as  well  as  in  eels  and  frogs,  currents 
were  readily  demonstrable  ;  indeed,  by  alternating  a  series  of 
'he  former  by  approximating  their  sides,  the  raw  surface  of 
lie  muscles  of  which  had  been  exposed  by  a  quickly  made  cut, 
latteucci  formed  a  sort  of  battery  resemblmg  that  made  of 
he  thighs  of  frogs.    The  result  of  this  experiment  has  proved 
that  energetic  currents  existed  in  hot-  as  well  as  cold-blooded 
nimals ;  indeed,  more  intensely,  but  very  soon  disappearing 
11  the  death  of  the  animal.    These  researches  completely 
oiToborate  the  statements  and  experiments  of  Aldini  made 
uiny  years  earlier,  especially  that  very  remarkable  one  before 
.lluded  to,  in  which  he  produced  contractions  of  the  legs  of  a 
trog  by  bringing  them  in  contact  with  the  tongue  of  an  ox. 
By  means  of  the  frog-galvanoscope,  not  only  the  existence,  but 
he  direction  of  a  current  can  be  discovered ;  for  if  the  leg  be 
opt  for  a  short  time  before  using  it,  so  as  to  diminish  a  little 
:s  sensibility,  the  muscles  wiU.  contract  on  making  contact 
^-ith  the  body  under  examination,  if  the  positive  electricity 
asses  fi'om  the  nerve  to  the  leg,  whilst  it  will  contract  on 
reaking  contact  if  the  electricity  is  moving  in  the  opposite 
lirection.    Using  this  delicate  test  for  an  electric  current, 
^Iatteucci  discovered  that  the  intensity  of  such  currents  rises 
:i  proportion  to  the  rank  occupied  by  the  animal  in  the  scale 
if  being,  their  duration  after  death  being  in  the  inverse  ratio. 
He  likewise  discovered,  that  when  a  mass  of  muscle  belong- 
ing to  a  living  animal,  or  one  recently  dead,  was  placed  in 
ontact  with  a  piece  of  wire,  so  that  one  end  of  it  touched  the 
•ndon,  and  the  other  the  body  of  the  muscle,  a  current  could 
Iways  be  detected  circulating  in  the  mass  in  the  direction 
from  the  tendon  to  the  external  surface  of  the  structure.  He 
['urther  demonstrated  the  very  important  fact,  that  every  thing 
which  decreases  the  vis  vitce  of  the  animal,  diminishes  the 
L'vidence  of  electricity  immediately  after  death.    Thus,  when 
frogs  were  killed  by  asphyxia,  either  by  immersion  in  sulphu- 
retted hydrogen,  or  water  freed  from  air,  the  electricity 
detected  in  their  femoral  muscles  sank  to  a  minimum  ;  whUst 
the  thighs  of  frogs  whose  hearts  had  been  previously  removed, 
j,'ave  less  evidence  of  the  existence  of  this  important  agent 
han  those  which  had  not  been  so  injured.  It  is  well  known  that 
'  crtain  fishes,  the  torpedo,  &c.,  possess  a  peculiar  apparatus  hy 
■  vhich  they  are  enabled  to  accumulate  the  electricity  developed 
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by  the  vital  processes  going  on  in  their  structures,  and  thus 
produce  the  ordinarily  recognized  effects  of  tension.  This  en- 
dowment is,  however,  pecuHar  to  very  few  creatxires,  and  the 
electricity  developed  in  the  frames  of  other  organisms  is  only 
to  he  detected  by  comparatively  delicate  tests.  It  is,  however, 
very  remarkable,  that  in  the  BatracMans  generally,  especially 
the  frog,  an  electric  current,  denominated  by  Matteucci  the 
"  proper  current,"  possessing  some  approach  to  tension,  and 
capable  of  deflecting  the  needle  of  a  galvanometer  to  5°,  can 
readily  be  detected ;  its  direction  is  always  definite  from  the 
feet  towards  the  head.  This  curious  and  remarkable  fact  was 
first  pointed  out  by  Nobih,  and  afterwards  accurately  studied 
l)y  the  Pisan  philosopher,  to  whose  researches  we  have  so  often 
referred. 

Space  will  not  allow  us  to  do  jtistice  to  the  numerous  savcms 
who  have  been  engaged  in  the  investigation  of  animal  electri- 
city. "We  may,  however,  refer  to  a  work  recently  pubHshed 
on  this  subject  by  Mr.  Smee,  and  extract  from  his  book  one 
of  the  earliest  of  Ms  experiments.    Having  obtained  the  ar- 


Fig.  349. 

rangements  necessary  for  measuring  feeble  currents  of  elec- 
tricity, he  applied  his  test  to  the  living  animal  in  the  following 
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luanner : — The  animal  (represented  in  fig.  349)  was  a  rabbit, 
into  the  cheek  muscle  of  which  he  introduced  a  sewing-needle, 
whilst  a  second  needle  was  placed  in  the  cellular  tissue  beneath 
the  skin.  After  leaving  them  for  a  few  minutes,  so  that 
they  might  be  in  the  same  state,  they  were  connected  with  the 
galvanometer,  without  sensible  deflection  of  the  needle.  In 
a  few  moments  more,  the  animal,  not  liking  its  treatment, 
made  an  attempt  to  bite ;  the  mechanism  of  volition  was  in- 
stantly exhibited  by  the  deflection  of  the  galvanometer.  A 
piece  of  wood  was  then  given  to  the  animal  to  bite,  upon  which 
it  used  all  its  powers  of  mastication ;  and,  by  catching  the 
oscUlation  of  the  needle,  a  very  powerful  electric  current  was 
'  exhibited.  In  this  experiment  the  deflection  of  the  needle 
proved  the  existence  of  a  voltaic  current  during  the  action  of 
'  biting,  and  thus  denoted  the  mechanism  of  the  force  employed 
!  to  throw  the  muscles  into  operation. 

Our  illustration  (fig.  350)  represents  the  arrangement  of  an 
(experiment  recently  performed  by  M.  Dubois-Reymond,  a 
f  gentleman  eminent  in  the  study  of  "  organic  electricity."  A 
(Cylinder  of  wood  is  fixed  firmly  against  the  edge  of  a  table ; 
ttwo  vessels  filled  with  salt  and  water  are  placed  on  the  table, 
iin  such  a  position  that  a  person  grasping  the  cylinder  may  at 
tthe  same  time  insert  the  fore-finger  of  each  hand  into  the 
iwater.  Each  vessel  contains  a  metallic  plate,  and  communi- 
ccates  by  two  wires  with  an  extremely  sensitive  galvanometer 
8G.  In  the  instrument  employed  by  M.  Dubois-Eeymond,  the 
wire  made  24,000  turns.  The  apparatus  being  thus  arranged, 
the  experimenter  grasps  the  cylinder  of  wood  firmly  with  both 
lands,  at  the  same  time  dipping  the  fore-finger  of  each  hand 
the  saHne  water.  The  needle  of  the  galvanometer  remains 
disturbed;  the  electric  currents  passing  by  the  nerves  of 
eh  arm,  and  being  of  the  same  force,  neutralize  each  other, 
ow  if  the  experimenter  grasp  with  energy  the  cylinder  of 
ood  with  the  right  hand,  the  left  hand  remaining  flaccid  and 
ee,  immediately  the  needle  wUl  move  from  the  west  to  the 
th,  and  describe  an  angle  of  30°,  40°,  and  even  50° ;  on  re- 
xing  the  grasp,  the  needle  will  return  to  its  original  position, 
e  experiment  may  be  reversed  by  employing  the  left  arm, 
d  leaving  the  right  arm  free ;  the  needle  will  in  this  case 
e  deflected  from  the  west  to  the  north.  This  reversing  the 
'on  of  the  needle,  by  the  contraction  of  the  muscles  of  the 
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right  and  left  arm  alternately,  places  beyond  all  doubt  the 
question  of  the  electric  current  being  induced  through  the 
agency  of  the  nervous  system. 


Three  conditions  are  necessary  for  the  success  of  this  experi- 
ment —1.  great  muscular  force ;  2.  the  precaution  to  con- 
tract the  muscles  of  only  one  arm  at  the  same  time;  3.  that 
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I  the  skin  of  the  hand  should  he  soft,  quite  clean,  and  free  from 
j  any  kind  of  wound,  however  small. 

If  the  experimenter  is  too  feeble,  the  needle  is  scarcely  dis- 
i  turbed.  If  both  arms  are  contracted  unequally  at  the  same 
i  time,  the  deflection  only  shows  the  excess  of  force  of  one  arm 
i  as  compared  with  the  other.  "When  the  skin  of  the  hand  is 
i  thick  and  hardened,  it  is  a  bad  conductor  of  electricity,  and 
^  the  least  scratch  or  wound  gives  rise  to  chemical  actions  which 
j  develope  of  themselves  the  electric  currents.  The  result  of 
;j  .this  experiment  is,  that  the  human  will,  producing  a  muscular 

I I  contraction,  causes  a  deflection  of  the  needle. 

'  i  The  theoiy  thought  to  accord  best  with  the  experiments 
i\  made  is  the  following : — The  nerves  are  the  channels  or  seats  of 
i\  continuous  currents  of  electricity,  which  contraction  of  the 
aauscles,  pain,  and  other  circumstances  may  interrupt.  At  the 
I  j  moment  the  fingers  are  plunged  into  the  saline  water,  the 
ti  leedle  remains  perfectly  quiet ;  the  currents  passing  through 
l\  )oth  arms  and  in  opposite  directions  neutralize  each  other. 
!i^\  yVhen  one  arm  only  is  contracted,  the  electric  current  is  inter- 
U:  -upted  in  this  arm ;  the  current  from  the  other  arm,  acting 
'^y.  lone,  causes  the  needle  to  deflect  according  to  the  muscular 
i  i  >r  electric  force  developed.  The  nervous  phenomena  have, 
ki '  hen,  a  close  analogy  with  those  of  electricity.  But  we  have 
3r];  t  present  no  proof  of  the  identity  of  the  latter  with  nervous 
xl  orce. 

(|    Dr.  "Wilson  Philip  proved  that  when  he  severed  the  eighth 
air  of  nerves  in  rabbits,  the  food  in  their  stomachs  remained 
ndigested,  and  they  died  of  suffocation;  but  after  dividing 
i  le  nerves,  and  distributing  the  galvanic  power  below  the 
C'l  3vered  nerve  to  a  disc  of  silver  opposite  the  stomach,  the 
ir  I  aeration  of  breathing  and  digestion  proceeded  as  usual.  The 
■>  j  octor  also  found  he  could  continue  the  motion  of  the  heart  and 
i  j  Jculation  after  the  brain  and  spinal  marrow  of  a  rabbit  were 
r,j  moved;  and  concludes  his  investigations  by  saying,  "  hence 
si  ilvanism  seems  capable  of  performing  aU  the  functions  of  the 
■  i  orvous  influence  in  the  animal  economy ;  but,  obviously,  it 
i  innot  excite  the  functions  of  animal  life,  unless  when  acting 
:  i  1  parts  endowed  with  the  living  principle." 
!  i  Electricity  appears  to  be  bestowed  upon  certain  animals  both 
; :  i  a  mode  of  defence  and  of  destruction.    The  most  remarkable 
'  ;  'oature  known  is  the  Kaia  torpedo,  a  flat-fish,  seldom  twenty 
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Fig.  351. 

trical  apparatus  is  placed  on  each  side  of  the  gUls,  where  it  ex- 
tends from  the  iipper  to  the  lower  siu-face,  covered  by  the  skin  of 
the  body.  When  one  hand  is  placed  on  the  upper  and  the 
other  on  the  lower  surface,  a  smart  shock  is  felt;  the  organs 
of  electricity  answering  to  the  positive  and  negative  sides  of  a 
Leyden  jar.  This  natural  electricity  can  be  withdrawn  from 
the  animal  by  means  of  a  conductor,  and  a  shock  is  felt  through 
a  circuit  formed  by  several  persons  joining  hands.  No  spark 
can  be  obtained,  nor  can  electric  attraction  and  repulsion  be 
produced ;  but  strong  solutions  of  common  salt,  nitrate  of 
silver,  and  superacetate  of  lead  have  been  decomposed  by  its 
electrical  powers,  and  steel  magnetized.  "WTien  the  tor^jedo 
sends  forth  a  shock,  it  depresses  its  eyes,  contortions  of  the 
body  follow,  and  it  appears  to  have  a  control  over  the  power. . 

In  the  accompanying  figure  (fig.  351)  a  represents  the  dors 
fin ;  h  part  of  the  skin  turned  over,  showing  the  right  electricii 
organ,  consisting  of  white  pliant  columns  resembhng  a  small 
honeycomb ;  c  the  nostrils,  in  a  crescent  fonn  ;  d  the  mouthy, 
which  has  several  rows  of  small  teeth ;  e  e  the  ten  breathing 
apertures  ;  //outer  margin  of  the  greater  lateral  fin;  (/^  two 
smaller  fins ;  h  the  tail  fin. 

The  gymnotus,  or  electrical  eel  (fig.  352)  is  an  inhabitant  of, 
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iho  freshwater  lakes  and  rivers  of  the  warmer  regions  of 
.Vmerica  and  Africa.    Its  body  is  smooth  and  without  scales, 
u  long  ventral  fin  extends  from  behind  the  head  to  the  ex- 
t  rcmity  of  the  tail ;  the  mouth  is  armed  with  sharp  teeth,  and 
:  ojecting  into  it  are  numerous  fi'inges,  which  from  their  nature 
•pear  to  serve  a  purpose  in  respiration ;  the  gullet  is  short, 
rminating  in  a  capacious  stomach  ;  the  whole  cavity  of  the 
idomen  is  not  more  than  seven  inches  long;  besides  the 
alimentary  canal,  the  heart,  liver,  and  upper  part  of  the  air- 
Ibladder.    The  rest  of  the  animal  is  made  up  of  the  electrical 
(Organs  and  muscles  of  progression,  together  with  an  air-sac, 
which  runs  beneath  the  spine  the  whole  length  of  its  body, 
ey  are  about  six  feet  in  length. 
The  skin  being  turned  over,  the  two  electrical  organs  are 
sen  on  each  side, 
'hey  are  of  two 
parts,  flat  "parti- 
tions or  septa,  and 
sross  divisions  be- 
tween them.  The 
outer  edges  of  these 
epta    appear  in 

allellinesnearly  I^'ig-  352.— The  Gymnotus. 

n  the  direction  of  the  longitudinal  axis  of  the  body ;  they  ar 
hin  membranes  nearly  parallel  to  one  another,  their  breadth 
aearly  the  semidiameter  of  the  body,  but  of  different  lengths, 
ome  being  as  long  as  the  whole  organ. 
In  the  accompanying  figure  (353)  a  represents  the  head ;  b 
e  cavity  of  the  belly ;  c  the  back  when  the  sldn  is  not  re- 
eved ;  d  cl  the  ventral  fin ;  e  e  the  skin  turned  back  ;  //  the 
teral  muscles  of  the  fin;  r/^/t/ the  large  electrical  organ; 
^  the  small  organ. 

"When  small  fishes  are  put  into  the  water  in  which  the  gym- 
otus  is  kept,  it  will  first  stun,  or  perhaps  kill  them  as  if  by  a 
oke  of  lightning,  and  if  hungry  it  will  then  devour  them, 
f  the  stunned  fish  be  removed  to  another  vessel  of  water, 
;  wiU  speedily  recover. 
The  gymnotus  seems  to  know  whether  substances  are  con- 
ctors,  as  it  will  only  exert  its  electrical  powers  on  those 
at  are  so. 

A  poweiful  shock  is  obtained  when  one  hand  is  placed  near 


510 


ELECTEICITT. 


Fig.  353. 


the  head  and  the  other  near  the  tail.  Faraday  fitted  a  kind  of 
saddle  upon  one  for  the  purpose  of  experiments,  and  found  that 
a  galvanometer,  not  very  dehcate,  was  affected  to  the  extent 
of  40  degrees;  and  the  electric  current 
was  always  found  to  be  from  the  anterior 
parts  of  the  animal  through  the  galvano- 
meter wire  to  the  posterior  parts.  The 
former  were,  therefore,  for  the  time  exter- 
nally positive,  and  the  latter  negative ; 
an  annealed  steel  needle,  placed  in  a  little 
helix  of  twenty-two  feet  of  silked  wire 
wound  on  a  quiU,  became  a  magnet ;  de- 
composition of  iodide  of  potassium  was 
easily  obtained.  On  comparing  the  middle 
part  of  the  fish  with  other  portions  before 
and  behind  it,  it  was  found  that  within 
certain  limits  the  condition  of  the  fish  ex- 
ternally at  the  time  of  the  shock  appears 
to  be  such,  that  any  given  part  is  negative 
to  other  parts  anterior  to  it,  and  positive 
to  such  as  are  behind  it. 

A  single  medium  discharge  from  the  animal  is  calculated  to 
be  equal  to  the  electricity  of  a  Leyden  battery  of  fifteen  jars, 
containing  3500  square  inches  of  glass  coated  on  both  sides  and 
charged  to  its  highest  degTee ;  and  of  this  force  it  can  give; 
double  and  triple  shocks  following  instantaneously. 

Mr.  Gassiot  fused  gold  leaves  with  the  electricity  fro 
one  of  these  eels. 

When  a  number  of  persons  dip  their  hands  into  the  ves 
in  which  one  of  the  animals  is  kept,  they  aU  receive  a  shock, 
difiering  in  intensity  according  as  they  are  situated  with  regard 
to  the  direction  of  the  current. 

We  must  not  omit  the  mention  of  some  remarkable  experi- 
ments by  the  late  Mr.  Crosse,  whom  Dr.  Buckland  introduced 
to  the  British  Association,  at  Bristol,  in  1836,  as  "a  philoso- 
pher who  had  made  great  discoveries  by  the  use  of  a  bri 
with  a  hole  in  it  immersed  in  a  pail  of  water."  This  gentlcmafl, 
by  keeping  up  the  action  of  a  battery  for  months  on  different 
substances,  produced  an  extraordinary  variety  of  minerals.  Itt 
a  large,  common,  glazed  salting-pan,  filled  with  the  spring- 
water  of  the  country,  a  common  red  brick  was  laid  horizon- 
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sHj,  each  end  resting  on  a  half-brick  of  the  same  sort.  The 
ttwo  ends  of  the  brick  were  connected  respectively  with  the 
)ositive  and  negative  terminations  of  a  sulphate  of  copper 
)attery  of  nine  pairs  of  nine-inch  plates ;  the  upper  siirface  of 
the  brick  was  covered  with  clear  river-sand.    At  the  termina- 
tion of  a  quarter  of  a  year  the  apparatus  was  taken  apart,  and 
I  iie  following  observations  were  made  : — On  attempting  to  lift 
:he  whole  brick  from  the  two  half-bricks  that  supported  it,  it 
vwas  found,  that  while  the  positive  end  was  easily  removed 
Efrom  the  brick  below  it,  the  negative  end  required  some  little 
fforce  to  separate  it  from  its  support ;  and  when  the  two  were 
wrenched  asunder,  it  was  observed  that  they  had  been  partially 
^cemented  together  by  a  tolerably  large  surface  of  beautiful 
snow-white  crystals  of  arragonite,  thickly  studding  that  part 
i^f  the  brick  in  groups,  the  crystals  of  each  radiating  from  their 
respective  centres.    Here  and  there  were  formed,  in  some  of 
;he  Httle  recesses  in  the  brick,  elevated  groups  of  needle  arra- 
gonite, meeting  together  in  a  pyramidal  form  in  the  centre  ; 
rvhile  in  the  open  spaces  between  were  some  exquisitely- 
c'ormed  crystals  of  carbonate  of  lime,  in  cubes,  rhomboids,  and 
iHiore  particularly  in  short  six-sided  prisms  with  flat  termina- 
idons,  translucent  and  opake,  sufficiently  large  to  determine 
hheir  form  without  the  use  of  a  lens.    The  positive  end  of  the 
rick,  and  that  which  supported  it,  were  also  covered  with 
rystals,  much  smaller,  and  apparently  of  a  different  nature, 
'n  emptying  the  water  from  the  pan,  there  was  found  at  its 
figative  end,  at  the  bottom,  a  very  large  quantity  of  snow- 
'hite  carbonate  of  Hme  to  the  extent  of  some  ounces  in  weight, 
i  the  form  of  a  gritty  powder  in  minute  crystals.  Three- 
mrths  of  the  whole  interior  of  the  pan  were  covered  with 
yriads  of  crystals  of  carbonate  of  Ume,  so  firmly  adhering  to 
,e  pan  as  not  to  be  separated  without  the  aid  of  an  acid. 
It  would  seem  strange,  when  mentioning  Mr.  Crosse  and  his 
leriments  on  crystallization,  to  pass  over  in  silence  a  eir- 
stance  that  has  excited  much  discussion.    Mr.  Crosse  was 
deavouring  to  form  cr}'stals  of  silica,  when  he  observed  the 
ual  growth  of  some  insects  from  the  middle  of  the  electri- 
stone,  which  on  the  twenty-sixth  day  became  perfect ; 
.d  in  a  few  weeks  there  were  hundreds.    Fig.  354  shows  a 
ed  view  of  one  of  these.    The  discoverer  writes :   "  I 
ivve  never  given  an  opinion  as  to  the  cause  of  their  birth,  and 
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for  a  very  good  reason — 
I  was  unable  to  form.  one. 
The  most  simple  solution  of 
the  problem  which  occurred 
to  me  was,  that  they  arose 
from  ova  deposited  by  in- 
sects floating  in  the  atmo- 
sphere, and  that  they  might 
possibly  be  hatched  by  the 
electric  action.  I  next  ima- 
gined, as  others  have  done, 
that  they  might  have  ori- 
ginated from  the  water,  and 
consequently  made  a  close 
examination  of  several  hun- 
dred vessels  filled  with  the 
same  water  as  that  which 
held  in  solution  the  silicate 
of  potassa.  In  none  of  these 
vessels  could  I  perceive  the  ^ig-  354. 

trace  of  an  insect  of  that  description.  I  likewise  closely 
examined  the  crevices  and  most  dusty  parts  of  the  room  with 
no  better  success." 

This  same  hitherto  unobserved  acarus  has  been  produced  in 
electrified  solutions  of  nitrate  and  sulphate  of  copper,  of 
sulphate  of  iron,  sulphate  of  zinc,  fluosilicic  acid,  and  in 
ferrocyanuret  of  potassium.  Mr.  Weeks,  the  indefatigable 
experimenter  at  Sandwich,  took  every  means  to  free  the  ap- 
paratus of  all  foreign  matter,  and  to  exclude  the  air,  and 
after  the  action  of  a  year  the  same  insects  were  produce' 
Nevertheless,  it  cannot  admit  of  a  doubt  that  these  insects  or 
their  ova,  must  have  been  conveyed  there  by  the  wind  or  some 
other  agent,  as  it  is"  impossible  to  believe  that  voltaism  or 
electricity  can  create  a  new  heing. 

% 

— -   *- 

s 

CHAPTER  XI.  1'- 
MAGNETISM. 

Man  has  detected  another  mysterious  power  in  nature, 
similar  to  that  of  electricity  and  galvanism,  whieli  he  has  en- 
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ti  listed  in  his  service,  and  rendered  subservient  to  his  pur- 
t  i ,  poses. 

Magnetism  resembles  electricity,  and  may  perhaps  be  defined 
i  as  electric  polarity  of  a  peculiar  land. 

;  j  A  mineral  or  ferruginous  stone,  found  commonly  in  iron 
f  i  .  mines,  of  various  forms,  sizes,  and  colours,  was  found  to  be 
y  ..endowed  vdth.  the  property  of  attracting  iron,  of  pointing  itself 
i  I  ;in  a  certain  direction,  and  of  communicating  the  same  powers 
I  ■ .  to  iron  and  steel  bars ;  it  was  called  the  loadstone,  leading-stone, 
t   or  magnet. 

I  Plato  and  Aristotle  state  that  the  ancients  were  acquainted 
3i:>Avith  the  attractive  and  repulsive  powers  of  the  magnet ;  but 
i  (  ao  mention  is  made  of  its  directive  property,  which  is  of  all 
»i|  )thers  the  most  useful  and  interesting.  But  we  have  it  on 
jl:  ;ecord  that,  many  centuries  before  the  Christian  era,  the 
liii  Chinese,  when  in  a  battle,  being  overtaken  by  a  dense  fog, 
16 1  .lirected  the  movements  of  their  troops  by  means  of  a  magnet ; 
fci  .  ;o  them,  then,  its  directive  properties  must  have  been  familiar. 
t^5till  its  use  and  application  to  the  piu-poses  of  navigation  is 
j{  j  if  comparatively  modem  date  in  other  parts  of  this  world.  It 
cl  -s  mentioned  by  old  continental  writers  in  MSS.  of  the  twelfth 
jj  entuiy;  and  Cardinal  Yetri  in  his  History  of  Jerusalem, 
if  i  . bout  the  date  of  1200,  names  the  magnetic  needle,  and  its 
K  j ;  mportanee  to  sea-faring  persons.  Dr.  Gilbert  says  the  com- 
jj  iass  was  brought  from  China  to  Italy  in  1260,  by  Paulus 

II  |.  'enetus. 

I;    Prom  what  may  be  gleaned  on  the  subject  from  mediteval 
II  i  ecords,  it  would  seem  that  the  dii-ection  of  the  needle  was 
i\  retty  generally  known  about  the  commencement  of  the  four- 
:i  j  aenth  centurj'.    But  that  this  direction  was  subject  to  change 
!  ras  as  yet  a  fact  unJcnown  when  Columbus  fii'st  ventured  to 
;  eek  the  shores  of  a  new  Avorld,  will  appear  from  the  following 
ft  I'xtract  from  Washington  Irving's  '  Life  and  Voyages  of  Colum- 
:   us : '  "On  the  13th  of  September,  1492,  he  perceived  about 
(J.ight-fall  that  the  needle,  instead  of  pointing  to  the  north 
.  ptar,  varied  but  half  a  point,  or  between  five  and  six  degrees 
1. 1  >  the  north-west,  and  still  more  on  the  following  morning. 
J  ■  track  Avith  this  circumstance,  he  observed  it  attentively  for 
'  i  irec  days,  and  found  that  the  variation  increased  as  he 
'  {.iivanccd.    He  at  first  made  no  mention  of  this  phenomenon, 
(|aoA^-ing  how  ready  his  people  were  to  take  alarm;  but  it 
I  2  L 
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soon  attracted  the  attention  of  the  pilots,  and  filled  them  -with 
consternation.  It  seemed  as  if  the  laws  of  nature  were 
changing  as  they  advanced,  and  that  they  were  entering  into 
another  world,  subject  to  unknown  influences.  They  appre- 
hended that  the  compass  was  about  to  lose  its  mysterious 
virtues  ;  and  without  this  guide,  "what  was  to  become  of  them 
in  a  vast  and  trackless  ocean '?  Columbus  tasked  his  science 
and  ingenuity  for  reasons  with  which  to  allay  their  terrors. 
He  told  them  that  the  direction  of  the  needle  was  not  to  the 
polar  star,  which,  like  the  other  heavenly  bodies,  had  its 
changes  and  revolutions,  and  every  day  described  a  circle 
round  the  pole,  but  to  some  fixed  and  invisible  point;  and 
therefore  the  variation  was  not  caused  by  any  failing  in  the 
compass.  The  high  opinion  that  the  pilots  entertained  of 
Columbus  as  a  profound  astronomer,  gave  ■weight  to  his  theory,, 
and  their  alarm  subsided." 

That  iron  became  under  certain  circumstances  endowed  with, 
the  power  of  the  magnet  was  first  observed  in  1590  by  a. 
surgeon  of  Rimini ;  and  in  1600,  Dr.  Gilbert  of  Colchester- 
wrote  a  work  on  magnetic  bodies,  and  termed  the  extremities- 
of  the  needle  j)oJes.  Dr.  Halley,  in  1683,  wrote  on  the  theory 
of  the  science,  and  suggested  the  existence  and  situation  of 
magnetic  poles,  of  which  he  believed  there  were  four,  and 
likewise  offered  suppositions  for  the  change  in  the  direction. 
Mr.  Graham,  a  Loudon  mathematical  instrument-maker,  in 
1722  noted  most  carefully  the  daily  variation,  and  foimd  that 
seasons  as  well  as  hom's  made  a  difference.  Although  the 
making  of  artificial  mag-nets  was  long  Icnown,  still  they  wer' 
Aveak  in  power  until  the  discovery  of  a  better  mode  was  con- 
trived by  Dr.  Knight,  about  100  yeai's  ago,  and  other  philo- 
sophers afterwards  improved  upon  his  method.  To  A.  C.  de 
Coulomb  we  owe  the  discovery  that  mag-netic  power,  Hke 
electricity,  resides  on  the  surfaces  of  iron  bodies,  and  does  not 
penetrate  into  the  interior  of  solid  bodies.  Coulomb  added  • 
much  to  our  knowledge  on  the  manufacture  of  artificial" 
magnets,  and  in  1802  announced  that  all  bodies  are  subject 
to  magnetic  influence,  which  he  suspected  to  be  caused  by 
p'ortions  of  iron  difiused  in  them.  But  since  his  time  other 
metals  besides  iron  have  been  proved  to  be  magnetic.  Indeed 
Faraday  has  discovered  that  all  metals  are  magnetic,  but  that 
each  requires  a  certain  temperatui-e  for  development. 
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Professor  Barlow,  of  the  lloyal  Military  Academy  at  "Wool- 
wich, after  investigating  the  effect  of  the  iron  in  a  man-of-war 
'  <u  the  compass,  the  proper  action  of  which  it  greatly  disturbed, 
I'ound  that  a  plate  of  about  five  pounds  weight,  placed  in  a 
certain  position  near  the  needle,  would  represent  and  counteract 
the  attraction  of  aU  the  other  iron  in  the  ship.    This  was 
tested  in  all  parts  of  the  world,  and  found  to  be  a  fact  of  so 
:  much  value  that  the  Government  Board  gave  for  the  invention 
;the  highest  reward  in  its  power.    Captain  Parry,  on  this 
I  subject,  says,  "  Such  an  invention  as  this,  so  sound  in  principle, 
!  so  easy  in  application,  and  so  universally  beneficial  in  practice, 
meeds  no  testimony  of  mine  to  establish  its  merits  ;  but  when 
I  consider  the  many  anxious  days  and  sleepless  nights  which 
ithe  uselessness  of  the  compass  in  these  seas  had  formerly 
(Occasioned  me,  I  really  should  have  esteemed  it  a  kind  of  in- 
s gratitude  to  Mr.  Barlow,  as  well  as  great  injustice  to  so 
1  memorable  a  discovery,  not  to  have  stated  my  opinion  of  its 
'.merits,  imd'er  circumstances  so  well  calculated  to  put  them  to 
la  satisfactory  trial." 

Dr.  Dalton,  Professor  Hanstein,  M.  Arago,  Captain  Back, 
;  and  others  have  made  many  observations  on  the  great  derange- 
iment  of  the  needle  which  arises  on  the  appearance  of  the 
saurora  borealis,  which  is  always  in  the  direction  of  the  magnetic 
ipole.  Although  the  Northern  Lights  are  rarely  seen  further 
ssouth  than  Scotland,  yet  they  disturb  the  magnetic  needle  at 
IParis. 

The  loadstone,  as  found  in  its  native  state,  consists  of  two 
oxides  of  iron,  with  a  small  quantity  of  quartz  and  alumina. 
It  is  principally  obtained  from  Arabia,  China,  Siam,  Norway, 
and  Sweden ;  and  sometimes  a  little  has  been  found  among 
the  iron  ore  of  England.  Small  loadstones  are  more  energetic 
han  large  ones.  Sir  Isaac  Newton  had  one  in  liis  ring  that 
*"ted  two  hundred  and  fifty  times  its  own  weight. 

Properties  of  the  Magnet. 

There  are  certain  properties  which  ai-e  chai'acteristic  of  the 
-gnct,  and  when  other  bodies  exhibit  them,  they  are  for  this 
•eason  called  magnetic. 
The  first  property  is  'polarity.    If  a  bar  of  loadstone,  or  a 
ar  or  neecEe  of  steel  that  has  been  rendered  magnetic,  bo 
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poised  at  its  centre  so  that  it  will  swing  freely,  it  will  be  found 
that  one  end  points  to  the  north,  and  the  opposite  end  to  the 
south.  The  ends  thus  pointing  are  called  the  poles  of  the 
magnet.  The  needle  does  not  in  all  parts  of  the  world  point 
directly  to  the  north  star.  It  is  attracted  to  a  part  of  the 
earth  called  the  magnetic  pole,  in  the  arctic  regions.  The 
difference  between  its  indication  and  the  true  north  pole  is 
termed  the  deviation  of  the  magnet.  In  some  parts  of  the 
world  it  is  very  considerable.  Into  how  many  soever  parts 
we  cut  the  magnet,  one  end  of  each  will  still  point  to  the 
north,  the  other  to  the  south.  The  magnetic  force  at  each 
end  is  different  in  nature.  It  is  supposed  that  each  atom  has, 
as  it  were,  boreal  or  north  magnetism  on  one  side,  austral  or 
south  magnetism  on  the  other.  Eut  as  in  the  case  of  a  metal 
bar  suffering  electrical  induction,  the  opposite  forces  are  chiefly 
collected  towards  the  extremities  or  poles.  If  a  magnet  be 
bent  into  a  horse-shoe  shape,  as  is  frequently  done  in  cases 
where  it  is  not  required  as  a  compass,  the  two  ends  are  stiU. 
possessed  of  polarity,  and  exhibit  the  two  opposite  kinds  of 
magnetism.  In  the  property'  of  polarity  (not  pointing  to  the 
north,  but  accumulation  of  opposite  forces  at  ojiposite  ends)  we 
at  once  trace  a  resemblance  between  magnetism  and  induced 
electricity.  We  sluill  soon  see  further  that  under  certain 
circumstances  electricity  may  be  made  to  produce  magnetism, 
or  magnetism  to  generate  electricity.  They  are  probably 
varieties  of  one  and  the  sanie  force. 

The  second  property  of  the  magnet  is  the  power  of  attracting 
iron.  Either  pole  Avill  attract  or  even  lift  pieces  of  ii'on.  Iron 
filings  will  cluster  round  and  cling  to  botb  poles.  Towards 
the  centre  of  the  magnet  little  or  no  attraction  exists. 

Attraction  and  repulsion  of  another  magnet  is  a  third  pro- 
perty. Two  poised  magnets  being  brought  near  each  other, 
the  north  pole  of  one  is  found  to  repel  the  north  pole,  but  to 
attract  the  south  pole  of  the  other;  just  as  similar  kinds 
of  electricity  are  mutually  repulsive,  and  oj)posite  kinds  at- 
tractive. 

A  fom-th  property  is  the  power  of  causing  magnetism  by 
induction  in  a  piece  of  soft  iron.  A  piece  of  soft  ii-on,  in  con- 
tact with  one  or  both  poles  of  a  magnet,  becomes  itself  a 
magnet  while  in  contact.  The  part  next  the  pole  of  the  in- 
ducing magnet  possesses  magnetism  of  an  opposite  nature,  tlie 
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'iirt  furthest  from  it  has  magnetism  of  the  same  kiad  as  the 
[lole  itself.    This  is  just  what  occurs  in  ordinary  electric 
induction  (sec  page  446).    A  piece  of  soft  iron,  placed  trans- 
\'ersely  across  the  two  poles  of  a  horse-shoe  magnet,  is  called 
'lo  armature.    This  armature  intensifies  and  aiigments  the 
iiiignetic  power  of  the  poles. 

A  fifth  magnetic  propertj'^  is  tJie  power  of  rendering  other 
'  tdics  magnetic,  especially  steel.  The  soft  iron  bar  is  a  magnet 
Illy  while  it  hangs  to  the  poles  of  the  permanent  magnet;  but 
I'  a  magnet  be  drawn  in  one  difection,  several  times,  along  a 
tcel  bar,  that  bar  becomes  in  every  respect  a  permanent 
lagnet  itself.  If  the  original  magnet  be  now  drawn  along 
he  bar  in  the  opposite  direction,  its  polarity  is  destroyed, 
ud  it  ceases  to  be  magnetic.  In  this  simple  manner  steel 
icedles  may  be  formed  into  perfect  magnets  by  means  of  the 
oadstone. 

The  earth  itself  acts  on  the  needle  simply  as  a  great  magnet. 
It  is  thought  to  have  two  fixed  magnetic  poles,  one  to  the 
lorth,  another  to  the  south ;  also  two  other  poles,  towards  the 
lorth  and  south,  but  moveable,  or  liable  to  fluctuation.  In 
iir  latitude  the  needle  points  doiunwards,  as  well  as  north- 
\  ards,  towards  the  north  magnetic  pole  of  the  earth.  The 
egree  of  this  downward  inclination  is  called  the  dip  of  the 
:eedle. 

The  axis  of  a  magnet  is  a  right  line  which  passes  from  one , 
lole  to  another.  The  equator  of  a  magnet  is  a  line  perpen- 
icular  to  the  axis,  and  exactly  between  the  poles.  The 
lagnetic  meridian  is  a  vertical  circle  in  the  heavens,  which 
itersccts  the  horizon  in  the  points  to  which  the  magnetic 
cedle  directs  itself  when  at  rest.  The  du-ection  of  the  mag- 
etic  needle  is  not  the  same  in  all  parts  of  the  world,  nor  in 
tie  same  place  at  difi'erent  times. 

These  poles,  in  different  parts  of  the  earth,  are  also  diff'er- 
ntly  incHned  towards  a  pomt  under  the  horizon ;  and  though 
ontraiy  to  each  other,  help  mutually  towards  the  magnet's 
ttraction  and  suspension  of  iron. 

Heat  to  a  certain  degree  destroys  magnetic  power.  The 
irth,  being  a  magnet,  ia  capable  of  causing  magnetism  in 
on  under  certain  conditions.  If  a  magnet  be  heated  red-hot, 
ad  again  cooled,  either  with  its  south  pole  towards  the  north, 
1  a  horizontal  position,  or  -vnth  its  south  pole  downwards,  in 
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£i  perpendicular  position,  its  pole  -will  be  chanped.  Hard  iron 
tools,  ^Ycll-tempered.  when  heated  by  brisk  filing  or  turning, 
will  attract  thin  iron  or  steel  filings,  and  hence  we  observe 
that  files,  punches,  &c.,  have  a  small  degree  of  magnetic  virtue. 
The  iron  bars  of  window?,  &c.  which  have  stood  a  long  time  in 
an  erect  position,  grow  permanently  magnetic ;  the  lower  ends 
■of  such  bars  being  the  north  pole,  and  the  upper  end  the  south 
pole.  Pire-irons,  from  being  often  heated,  and  set  to  cool 
again  in  an  upright  position,  gain  this  magnetic  property. 
Sometimes  iron  bars,  by  long  standing  in  a  perpendicular 
position,  have  acquired  the  magnetic  virtue  in  a  surprising 
degree. 

A  bar  of  hard  tempered  steel  with  the  lower  end  inclined  to 
the  north,  struck  severely  with  a  hammer,  -will  become 
magnetic. 

The  experiment  has  been  made  of  hanging  up  two  pieces  of 
rod-ii'on,  one  in  the  direction  of  the  magnetic  dip,  the  other  ) 
horizontal;  after  a  lapse  of  three  years  they  were  examined;  || 
the  one  that  had  been  hung  in  the  direction  of  the  dip  snapped 
with  great  facility,  the  hoi  izontally  hung  piece  could  be  twisted 
into  a  knot.    This  is  a  subject  that  seems  deserving  of  con-  ; 
sideration  in  the  erection  of  suspension  bridges.    On  lines  of  j 
railway  running  north  and  south,  it  has  been  suspected  that  j 
the  rails  after  a  time  have  become  magnetic,  and  brittle  at  the  i 
same  time. 

The  mode  of  discovering  whether  a  piece  of  metal  possesses 
magnetic  properties,  is  to  bring  it  within  the  influence  of  a 
compass  needle,  when  its  north  pole  will  attract  the  south  pole, 
■and  re])el  the  north  pole  of  the  needle  ;  and  its  south  pole  will 
attract  the  north  and  repel  the  south  pole  of  the  needle,  if  it 
be  so. 

Magnetism  differs  from  electricity  in  the  fact  that  both 
polarities  exist  in  the  same  body,  and  that  one  cannot  exist 
■without  the  other;  while  it  may  be  remembered  that  one  kind 
of  electricity  can  be  excited  fi-om  one  body  and  another  from 
a  diff'erent  one.  This  constant  polarity  of  the  magnet  is  the 
property  that  renders  it  so  serviceable  to  the  purposes  of  navi- 
gation, mining,  and  travelhng  in  unknown  coimtries. 

Newton,  in  his  '  Principia,'  speaks  thus  of  magnetic  force  con- 
trasted with  that  of  gravity.  He  says,  "  The  magnetic  attrac- 
tion is  not  as  the  matter  attracted ;  some  bodies  are  attracted 
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more  by  the  magnet,  others  loss ;  most  bodies  not  at  all.  The 
power  of  magnetism  in  one  and  the  same  bodj^  may  be  increased 
and  diminished,  and  is  sometimes  far  stronger  for  the  quantity 
of  matter  than  tlie  power  of  gravity,  and  in  receding  from  the 
magnet  decreases  not  in  the  duplicate,  but  almost  in  the  tripli- 
cate proportion  of  the  distance." 

The  Compass. 

To  construct  the  Manner  s  Compass  it  is  only  necessaiy  to 
take  a  magnetized  needle,  nicely  balance  and  place  it  in  a  round 
box  covered  with  glass,  having  a  card  or  paper  on  which  are 


Fig.  355. 


marked  32  points ;  that  is  to  say,  the  circle  or  horizon  divided 
into  32  parts.  Every  point  is  a  32nd  part  of  360°,  which  is 
equal  to  11^°;  a  half  point  is  equal  to  5°  37'  30";  and  a 
quarter  point  equal  to  2°  48'  45".  North,  East,  South,  and 
West  arc  tenned  the  four  cardinal  points. 

On  the  edge  of  the  box  two  pieces  of  brass,  h  h  (fig.  356), 
are  fixed  upright  in  a  circular  ring  a  a,  having  oblong  aper- 
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Pig.  356. 


turcs  cut  in  the  centre  termed 
sight-holes ;  a  fine  -wixe  or  hair  is 
stretched  down  the  centre  of  one 
of  the  upright  pieces,  the  other 
having  a  fine  sht  only  in  it,  then 
by  applying  the  eye  to  one  aper- 
tiu'e  until  the  wire  or  hair  of  the 
other  passes  over  the  object  and 
the  centre  of  the  card,  the  angular 
distance  or  azimuth  from  the  mag- 
netic meridian  is  ascertained.  This 
arrangement  forms  the  azimuth  compass. 

The  place  where  the  needle  remains  at  rest  is  called  the 
magnetic  meridian.  At  Greenwich  the  magnetic  meridian 
makes  with  the  astronomical  an  angle  of  23^°  west.  This 
variation  from  the  direct  north  has  been  observed  to  be 
23°  4'  48",  to  23°  24'  19''.  It  increases  westward  from  7  a.m. 
till  about  1  P.M.,  about  7^'  of  arc  ;  it  thenretiu-ns  eastward  till 
about  11  P.M.,  about  8^'  of  arc.  This  is  called  the  variation 
of  the  compass,  or  magnetic  declination  west  or  east.  The 
diurnal  range  in  the  summer  of  1846  was  15'  14" ;  in  winter 
11'  53"  ;  and  for  the  year  13'  34" ;  it  was  smallest  in  January 
and  largest  in  September.  Going  from  London  and  proceeding 
west  on  the  Atlantic  Ocean,  the  magnet  is  found  to  attain  its 
greatest  tendency  towards  the  west;  proceeding  onwards  it 
returns  towai'ds  the  north,  and  at  the  east  of  the  United  States 
of  America  it  becomes  due  noi'th,  and  further  westward  it 
becomes  east.  Going  from  London  to  the  east,  the  western 
declination  lessens,  and  at  the  eastern  part  of  Eussia  it  is  due 
north ;  proceeding  further  east  the  variation  becomes  gradually 
more  easterly. 

If  a  piece  of  iron  be  balanced  and  afterwards  magnetized, 
and  placed  on  its  former  balancing  point,  it  wiU  be  found  to 
have  lost  its  previous  equilibrium,  and  the  north  poiut  will 
incline  towards  the  earth  about  70°.  This  is  calle.d  the  dip  of 
the  needle.  Conveying  this  needle  towards  the  north,  the  dip 
increases  until  it  becomes  vertical.  About  the  equator  there 
is  no  dip.  Towards  the  south  pole  it  dips  to  the  south  until 
it  becomes  vertical.  The  mean  magnetic  dip  for  1846  at  21 
hours  at  Greenwich  was  68°  58'  -6",  and  at  3  hours  68°  57'  -6". 
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The  Magnetic  Poles. 

As  the  magnetic  poles  -wMch  attract  the  magnet  do  not 
correspond  with  the  poles  of  the  earth,  it  is  plain  that  the 
needle  cannot  point  due  north  and  south  except  in  those 
countries  where  the  magnetic  and  true  meridian  coincide,  and 
it  is  this  that  causes  the  variation  of  the  needle.  The  south 
magnetic  pole  is  helieved  to  be  somewhere  about  latitude 
G5°  south,  and  longitude  130°  west  of  London, 

Of  the  discovery  of  the  North  Magnetic  Pole,  Commander 
Eoss  writes,  "  "We  reached  the  calculated  place  at  eight  in  the 
morning  of  the  1st  of  June,  1831.  I  believe  I  must  leave  it 
to  others  to  imagine  the  elation  of  mind  with  which  we  found 
ourselves  now  at  length  arrived  at  this  great  object  of  our 
ambition ;  it  almost  seemed  as  if  we  had  accomplished  every 
thing  that  we  had  come  so  far  to  see  and  to  do ;  as  if  our 
voyage  and  all  its  labours  were  at  an  end,  and  that  nothing 
now  remained  for  us  but  to  retiu-n  and  be  happy  for  the  rest 

of  our  days  

"  The  land  at  this  place  is  very  low  near  the  coast,  but  it 
rises  into  ridges  of  fifty  or  sixty  feet  high  about  a  mile  inland. 
We  could  have  washed  that  a  place  so  important  had  possessed 
more  of  mark  or  note.    It  was  scarcely  censurable  to  regret 
that  there  was  not  a  mountain  to  indicate  a  spot  to  which  so 
much  of  interest  must  ever  be  attached  ;  and  I  coidd  even  have" 
pardoned  any  one  amongst  us  who  had  been  so  romantic  or 
absurd  as  to  expect  that  the  magnetic  pole  was  an  object  as 
■  conspicuous  and  mysterious  as  the  fabled  moimtain  of  Sinbad, 
'  that  it  was  even  a  mountain  of  iron,  or  a  magnet  as  large  as 
'.  Mont  Blanc.    But  J^ature  had  here  erected  no  monument  to 
I  denote  the  spot  which  she  had  chosen  as  the  centre  of  one  of 

;  her  great  and  dark  powers  

'•'  The  necessary  observations  were  immediately  commenced. 

  The  place  of  the  observatory  was  as  near  to  the  mag- 

metic  pole  as  the  limited  means  which  I  possessed  enabled  ma 
Ito  determine.  The  amount  of  the  dip,  as  indicated  by  my 
« dipping-needle,  was  89°  59',  being  thus  within  one  minute  of 
tthe  vertical ;  while  the  proximity  at  least  of  this  pole,  if  not 
iits  actual  existence  where  Ave  stood,  was  further  confimed  by 
tthe  action,  or  rather  by  the  total  inaction ,  of  the  several  hori- 
zontal needles  then  in  my  possession.    These  were  suspended 
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in  the  most  dt-licatc  manner  possible,  but  there  was  not  one 
"which  showed  the  slightest  effort  to  move  from  the  position  in 
which  it  was  placed;  a  fact  which  even  the  most  moderately 
informed  readers  must  now  know  to  be  one  which  proves  that 
the  centre  of  attraction  lies  at  a  very  small  horizontal  distance, 
if  at  any. 

"  As  soon  as  I  had  satisfied  my  own  mind  on  this  subject,  I 
made  known  to  the  party  tliis  gratifying  result  of  all  our  joint 
labours  ;  and  it  was  then,  that  amidst  mutual  congratulations, 
we  fixed  the  British  flag  on  the  spot,  and  took  possession  of  the 
North  Magnetic  Pole  and  its  adjoining  territory  in  the  name  of 
Great  Britain  and  King  William  IV.  We  had  abundance  of 
materials  for  building,  in  the  fragments  of  limestone  that 
covered  the  beach  ;  and  we  thei-efore  erected  a  cairn  of  some 
magnitude,  under  which  we  buried  a  canister,  containing  a 
record  of  the  interesting  fact ;  only  regretting  that  we  had  not 
the  means  of  constructing  a  pyramid  of  more  importance,  and 
of  strength  sufficient  to  withstand  the  assaults  of  time  and  of 
the  Esquimaux.  Had  it  been  a  pyramid  as  large  as  that  of 
the  Cheops,  I  am  not  quits  sure  that  it  would  have  done  more 
than  satisfy  our  ambition,  under  the  feelings  of  that  exciting 
day.  The' latitude  of  this  spot  is  70°  5'  17",  and  its  longitude 
90°  44'  45"  west." 

Some  time  before  this  actual  observation.  Professor  Barlow 
had  distinctly  marked  the  situation  of  the  North  Pole  as  calcu- 
lated by  him  from  the  variations  of  the  needle  in  different 
parts  of  the  world. 

The  variation  of  the  needle  is  further  subject  to  a  gradual 
change  through  time  ;  when  first  knowoi,  the  variation  as  ob- 
served by  ]N'orman  was  11°  15'  eastward  ;  from  1657  to  1662, 
it  pointed  due  north  in  London  ;  it  then  began  gradually  going 
to  the  westward,  and  in  1815,  according  to  Colonel  Beanfoy, 
it  reached  its  maximum,  being  24°  27'  18"  westerly,  since 
which  period  it  has  been  gradually  decreasing.  Thus  it  would 
appear  that  the  magnetic  poles  are  not  stationary,  but  revolve 
round  some  central  point  in  so  many  centuries.  It  is  to 
explain  this  that  two  moveable  poles  have  been  supposed  to 
exist.  The  greatest  variations  were  observed  by  De  Langlo 
between  Greenland  and  Labrador,  which  was  45°  west,  and  by 
Capt.  Cook  in  60°  south  latitude,  and  92°  35'  longitude,  when 
it  was  43°  6'  cast  of  the  geographical  meridian. 


MAGNETIC  OBSEKVATIONS. 


523 


Magneiic  Observations. 

The  magnetic  variations,  and  more  especially  those  influen- 
cing the  metcorologic  changes  on  the  earth's  surface,  receive 
a  large  amount  of  attention  from  scientific  men  in  aU  parts  of 
the  globe.  The  Government  have  caused  to  he  erected  the 
Royal  Observatory  at  Greenwich  for  magnetic  aud  meteoro- 
logical observation.  It  is  now  under  the  directioii  of  Mr. 
Glaisher,  who  has,  at  a  vast  amount  of  personal  labour, 
reduced  his  practice  to  a  system,  and  succeeded  in  establishing, 
in  various  pai-ts  of  the  country,  numerous  other  stations  for  me- 
teorological observations ;  all  are  in  daily  communication,  und 
the  rcsidts  are  considered  so  important  that  they  form  a  part 
of  the  quarterly  reports  of  the  Eegistrar- General.  It  may  not 
prove  uninteresting  to  those  of  our  readers  Avho  are  able  to 
enter  into  details  of  a  somewhat  recondite  character,  to  l)e 
furnished  with  a  history  of  the  more  important  instruments  in 
daily  use     the  Greenwich  Observatory. 

In  the  year  1836,  the  Astronomer  Eoyal,  Mr.  Airy,  sub- 
mitted to  the  Board  of  Visitors  of  the  Royal  Observatory,  a 
plan  for  the  erection  of  a  Magnetical  Observatory.  In  conse- 
quence of  the  interest  taken  in  the  proposal  by  the  Board  of 
Visitors,  the  building  was  erected  in  the  spring  of  1833,  and 
it  was  put  to  a  practical  use  in  1839,  on  days  pre-arranged 
for  simultaneous  observations.  In  the  summer  of  1839,  Mr. 
Airy  recommended  to  Government  the  prosecution  of  a  series 
of  magnetical  and  meteorological  observations  hei-e,  in  corre- 
spondence with  the  observations  of  Captain  Ross  in  the  antarctic 
expedition,  and  with  the  observatories  erected  under  the  au- 
thority of  the  Board  of  Ordnance  and  the  East  India  Company 
in  several  foreign  stations.  On  the  Government  assenting, 
immediate  measures  were  taken  for  canying  out  the  plan. 

From  November  9,  1840,  begins  the  series  of  observations 
which  is  properly  characteristic  of  the  Observatory.  Regular 
observations  have  since  been  taken,  without  intermission, 
except  on  Sundays.  The  regular  work  of  the  establishment 
is  as  foUows.  At  every  even  hour  of  Gottingen  mean  time 
(night  and  day),  to  observe  the  position  of  each  of  the  three 
magnets,  with  the  readings  of  the  thermometers  enclo.sed  in 
their  boxes;  the  height  of  the  barometer,  and  the  wet  and  drj-- 
thonnomctcrs ;  to  inspect  the  electrical  instruments ;  to  record 
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the  direction  and  estimated  strength  of  the  wind ;  to  estimate 
the  proportion  of  the  sky  which  is  covered  by  cloud,  and  to 
note  the  kind  of  cloud ;  to  obs(3rve  whether  there  be  different 
currents  in  the  atmosphere,  or  any  other  meteorological  pheno- 
mena worthy  of  note ;  to  observe  the  dew-point  four  times  a 
day ;  to  observe  the  inclination  of  the  magnet  to  the  horizon 
(technically  called  the  dip)  four  times  in  the  week ;  to  take 
incessant  observations  of  the  magnets  when  aurora,  or  any 
other  unusual  cii'cumstance,  seems  to  make  it  deskable;  to 
observe  continually  whether  the  electrical  instruments  are 
affected;  to  observe  the  three  magnets  at  intervals  of  2| 
minutes  during  twenty-four  hours  on  one  term-day  in  each 
month;  to  adjust  the  papers,  &c.  for  the  self-registeiing 
anemometers ;  to  ascertain  the  quantity  of  rain  collected  at 
four  different  heights  above  the  ground  each  day ;  to  make 
occasional  observations  on  the  measures  of  halos,  coronas,  and 
glories,  the  degree  of  solar  and  terrestrial  radiation,  the  in- 
tensity of  the  sun's  rays,  &c. 

Each  of  the  instruments  in  use  requires  to  be  separately 
described. 

The  annexed  cut  (fig.  357)  represents  the  declination-magnet; 
a,  a  perspective  view  of  the  magnet ;  h,  a  brass  frame,  carrying 
a  lens ;  c,  a  brass  frame  carrying  two  plain  glasses,  between 
which  is  a  cross  of  delicate  cobwebs ;  d,  the  lower  part  of  the 
suspensiop.  apparatus,  with  the  torsion- circle  attached;  e,  the 
suspending  skein  of  silk  fibre,  which  rises  8  feet  9  inches,  then 
passes  over  a  pulley  at  /,  and  then  over  another  at  g,  and  is 
then  attached  to  a  piece  of  leather  which  passes  down  to  a 
small  windlass  at  h,  used  for  raising  or  lowering  the  magnet ; 
i,  a  copper  bar,  about  1  inch  square,  u^ed  to  check  the  vibra- 
tion of  the  mag-net. 

The  magnet  is  a  bar  2  feet  long,  inch  broad,  and  about 
a  quarter  of  an  inch  thick.    It  is  of  hard  steel  throughout. 

Upon  the  cross-bars  of  the  stand'  rests  a  double  rectangular 
box,  covered  with  gilt  paper  on  the  interior  and  exterior  sides 
of  both,  one  box  being  completely  enclosed  within  the  other. 
Within  these  the  magnet  vibrates  freely.  • 

At  the  distance  of  eight  feet  from  the  centre  of  the  magnet 
is  placed  a  theodolite,  on  a  stone  pier  firmly  fixed  in  the 
ground,  and  unconnected  with  the  floor.  The  telescope  of  the 
theodolite  is  generally  directed  to  the  cross  of  cobwebs  carried 
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by  the  magnet,  -which  therefore  moves  as  the  magnet  moves ; 
a  record  of  the  apparent  position  of  the  cross,  as  seen  in  the 


Pig.  357. — The  Declination  Magnet. 

telescope,  ■will  denote  the  position  of  the  magnet  with  respect 
to  the  reading  of  the  divided  Hmb  of  the  theodolite. 

The  theodolite-telescope  can  he  turned  so  as  to  observe  stars 
IS  they  pass  the  north  astronomical  meridian  thi'ongh  an 
)pemng  in  the  roof.    The  difference  between  the  reading  of 
•he  theodolite,  when  directed  to  the  south  astronomical  meri- 
liaii,  and  its  reading  Avhen  the  telescope  is  directed  to  the 
uagnet,  when  corrected  for  disturbing  causes,  to  be  alluded  to 
)resently,  is  the  magnetic  declination,  or  the  inclination  of 
he  magnet  to  the  astronomical  meridian,  or,  popidarly,  the 
•ariation  of  the  compass.    Great  care  has  been  bestowed  upon 
letcrmining  the  effects  of  each  pair  of  magnets  upon  the  third, 
md  this  effect  is  allowed  for  in  the  reductions ;  also  the  effect 
)f  the  mean-time  clock  has  been  foimd:  experiments  have 
)een  made  upon  eveiy  thing  near  the  magnets  that  could 
)0ssibly  influence  them ;  such  as  the  fire-grate  in  the  ante- 
•oom,  the  bars  of  which  are  of  iron,  the  iron  about  the  elcctro- 
neter-pole,  &c.,  and  when  such  influence  is  sensible  it  is  taken 
nto  account  in  the  reductions.    This  applies  to  every  magnet 
a  the  Observatory. 
The  amount  of  the  magnetic  declination  is  found  to  be  dif- 
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ferent  at  different  times  of  the  day,  being  greatest  at  about  1 
P.M. ;  the  north  end  of  the  magnet  then  moves  towards  the 
east,  or  the  magnet  approaches  the  astronomical  meridian,  till 
six  or  eight  in  the  evening,  the  declination  at  the  latter  time 
being  about  ten  minutes  of  a  degree  less  than  it  was  at  the 
former  time  ;  the  north  end  then  recedes  from  the.  astronomical 
meridian  till  about  two  o'clock  in  the  morning,  and  moves  in 
the  contrary  direction  till  four  o'clock,  at  which  time  it  again 
changes  the  direction  of  its  motion,  and  approaches  the  astro- 
nomical meridian  tUl  six  or  eight  in  the  morning,  when  it 
again  begins  to  move  from  the  mericUan.  Thus  the  diurnal 
movement  consists  of  a  double  approach  to,  and  a  double 
receding  from,  the  astronomical  meridian  every  day. 

The  mean  diurnal  change  in  the  position  of  the  magnet  is 
about  14  minutes  of  a  degree  in  the  summer,  and  about  2 
minutes  less  in  the  Avinter ;  but  there  are  some  days  on  which 
the  whole  arc  may  not  be  more  than  three  minutes,  and  on 
otl'.crrf  it  may  be  more  than  a  degree. 

Pig.  358  is  a  representation  of  the  Jiorizontal-force  magnet, 
viewed  from  a  position  south-west  of  it :  a  is  the  magnet ;  6, 
the  mirror  carried  by  the  magnet,  with  the  screws  for  adjust- 
ment ;  c,  the  torsion-circle ;  d,  a  system  of  five  pairs  of  small 
pulleys ;  e,  e,  two  halves  of  a  skein  of  sillc,  -s^diich  rise  from 
the  upper  pair  of  pidleys  to  another  pair  of  pulleys,  7  feet  9 
inches  above  them,/;  then  over  the  pulleys  at  g,  and  so  down 
and  over  a  single  large  pulley,  not  shown  in  the  drawing, 
whose  axis  is  attached  to  a  string  that  passes  down  to  the 
windlass,  the  handle  of  which  is  represented  at  h ;  i,  a  copper 
bar  encircling  the  whole  magnet. 

The  magnet  is  of  the  same  dimensions  as  the  declination- 
magTiet.  It  is  supported  by  a  broad  tripod  stand,  resting  on 
the  ground,  and  not  touching  the  floor.  The  stand  rises  11 
feet  5  inches  above  the  floor,  carrying  at  the  top  the  pulleys 
for  the  suspension  of  the  magnet,  represented  at  /  and  g.  The 
magnet  vibrates  in  a  double  rectangular  box,  similar  to  that 
in  which  the  declination-magnet  \ibrates.  Part  of  the  south 
side  of  the  box  is  of  plate  glass. 

At  the  distance  of  8  feet  5  inches  due  south  of  the  magnet 
is  fixed  to  the  wall  of  the  east  arm  a  scale  of  numbers  ;  these 
numbers  are  seen  with  a  fixed  telescope  dii-ected  to  the  mirror 
which  the  magnet  carries.    The  telescope  is  fixed  to  a  wooden 
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tripod  stand,  whose  feet  pass  through  the  floor  withont  toxiching 
it,  and  are  firmly  connected  with  piles  driven  into  the  ground. 


Fig.  358. — The  Horizontal-Force  Ma  gne*:. 

£ts  position  is  snoh,  that  an  observer,  sitting  in  a  chair,  can^ 
y  tnming  his  head,  look  into  the  telescope  of  any  one  of  the 
ce  magnets.  This  magnet  is  placed  very  nearly  transverse 
the  magnetic  meridian,  and  held  there  by  the  directive 
ower  of  the  two  halves  of  the  suspending  skein  e,  e.  The 
agnot  is  constantly  endeavouring  to  move  to  the  magnctie 
eridian,  or  parallel  to  the  declination-magnet ;  and  as  the- 
agnetic  power  increases  or  diminishes,  the  two  threads  of 
e  suspending  skein  become  more  or  less  twisted,  and  different 
nmbers  of  the  scale  are  seen  in  the  observing  telescope,  from 
hieh  the  variations  of  the  force  are  determined.  It  is  found 
at  at  about  noon  the  magnetic  force  is  least,  as  tlie  magnet 
« the  least  drawn  towards  the  north.  It  then  moves  toward 
north  till  about  G  vm  ;  it  remains  nearly  stationary  till 
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11  P.M.;  it  moves  again  towards  north,  is  checked  in  its 
motion  again  at  about  4  a.m.,  and  arrives  at  6  a.m.  with  its 
marked  end  at  the  extreme  north  position. 

The  next  cut  (fig.  359)  represents  the  south  view  of  the 
vertical-force  magnet,  a  is  the  magnet,  b,  the  mirror  carried 
by  the  magnet,  with  the  screws  for  adjustment,  c,  one  of  the 
two  steel  knife-edges,  similar  to  the  knife-edge  of  a  balance 


Pig.  359.— The  Vertical-Force  Magnet. 

or  pendulum,  d,  one  of  the  two  agate  planes,  on  which  the 
knife-edges  rest,  e,  e,  screws  by  which  the  elevation  of  the 
centre  of  gravity  and  the  inclination  of  the  magnet  in  its  posi- 
tion of  rest  can  be  altered.  /,  a  brass  frame  on  which  the 
instrument  is  placed. 

This  magnet  is  of  the  same  dimensions  as  the  other  two 
magnets.  It  is  supported  iipon  a  block,  connected  with  a 
tripod  stand,  which  passes  through  the  floor  and  rests  on  the 
ground.  Its  position  is,  as  nearly  as  possible,  symmetiical 
with  that  of  the  horizontal-force  magnet  in  the  opposite  arm. 
The  whole  is  enclosed  in  a  similar  double-box  to  those  ia 
which  the  other  magnets  vibrate,  resting  on  the  block  of  wood 
above  mentioned.  In  this  box  the  magnet  vibrates  freely  up 
and  down.  A  part  of  the  south  side  of  the  box  is  of  plate- 
glass.  A  tripod  stand  (symmetrical  in  form  and  position  with 
that  for  carrying  the  telescope  of  the  horizontal- force  magnet) 
carries  a  telescope,  which,  being  directed  towards  the  mirror, 
the  observer  sees  in  the  telescope  the  numbers  on  the  scale, 
which  is  vertical  and  fixed  to  the  stand  carrying  the  telescope. 
As  the  magnet  inclines  more  or  less  to  the  horizon,  the  nvtm- 
bers  on  the  scale,  as  seen  through  the  telescope,  increase  or- 
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diminish,  and  from  this  the  variations  of  the  vertical  force  arc 
k'termined.    It  is  fonnd  that  at  two  o'clock  in  the  morning 
he  marked  end  of  this  magnet  is  less  drawn  downwards,  and 
it  four  P.M.  it  is  more  drawn  down  than  at  any  other  time  in 
.he  day. 

The  cut  (fig.  360)  represents  the  apparatus  at  the  top  of 
mother  instrument,  called  the  electrical  pole :  a,  a  lantern  at 
the  summit  (the  lamp  is  always  biu'ning);  6,  the  copper  tuhe 
in  which  the  lantern  slides ;  c,  dotted  lines  which  represent  a 
l  one  of  glass,  on  which  the  copper  tuhe  carrying  the  umbrella 
li  above  is  fixed,  to  protect  the  glass  from  rain,  <fee. ;  d,  a  wooden 
;ippai-atus  enclosing  the  lower  part  of  the  cone  of  glass.  The 
lower  part  of  the  glass  is  hoUowed  out  and  lined  with  copper, 
immediately  under  which  is  placed  a  lamp,  represented  in  the 
drawing  at  e,  which  is  constantly  kept  burniug  for  the  purpose 
of  heating  the  copper,  and-  thus  keeping  the  glass  dry ;  /  is  a 
.nre  commnnicating  with  the  electrical  instruments  in  the 
i  nte-room ;  •  ^,  (/  are  iron  rods  upon  which  the  whole  appa- 
l  atus  slides  up  and  down. 

The  electrical  apparatus,  as  it  appears  in  the  window  of  the 
mte-room,  is  represented  in  the  next  cut  (fig.  361).    a,  the 
liook,  a  part  of  the  connexion  of  the  conducting  wire  with  the 
ipparatus  ;  h,  an  umbrella  to  cover  the  opening  in  the  upper 
lari  of  the  window,  thi'ough  which  an  upright  rod  passes, 
ariying  the  apparatus  below ;  c,  c,  a  double  cone  of  glass 
supported  by  the  upper  pai't  of  the  window  by  brackets  at  each 
■nd ;  d,  d,  lamps  placed  nearly  at  the  end  of  each  cone  of 
,^la.ss,  for  the  piu-pose  of  keeping  the  glass  dry ;  e,  a  coUar 
ncircling  the  glass,  and  by  means  of  the  vertical  rod  /  sup- 
)orting  the  hollow  copper  tube  g,  carrying  the  several  elec- 
rical  rods,  Avhich  can  be  moved  upwards  and  downwards,  and 
jy  this  means  brought  into  connexion  with  the  electiical 
nstiTiments  immediately  underneath,  and  can  be  fixed  by 
screws  in  any  position  ;  h,  a  Bohnenburger's  single-leaf  pen- 
ient  gold-leaf  electroscope,  and  a  pair  of  Zamboni's  diy  elee- 
ric  piles  (this  instrument  is  extremely  sensible  to  slight 
•hanges  of  electrical  excitation,  and  indicates  in  a  marked 
rianncr  not  only  the  presence  but  the  kind  of  electricity)  ;  i, 
.  galvanometer,  for  exhibiting  currents  of  electricity  in  the 
tmosphcre ;  Tc,  an  instiniment  to  measure  the  lengths  of  the 
lectrical  sparks  ;     another  diy-pile  apparatus  similar  to  h, 
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/oserving  electrical  changes  in  the  atmosphere.    These  last 


Fig.  361. 


ire  furnished  with  graduated  arcs,  to  estimate  the  amount  of 
he  electric  force. 

In  order  to  collect  the  electricity,  a  lamp  is  constantly  kept 
<uming  in  the  lantern  a,  fig.  360.  The  glass  cone  below  it 
)eing  kept  dry  is  a  non-conductor  ;  therefore,  the  only  way 
hat  the  electricity  can  escape  is  down  the  wire  /,  and  so  to 
he  several  instruments  h,  i,  Jc,  I,  m  and  m.  The  whole  appa- 
atus  indicates  changes  in  the  atmospheric  electricity  preceding 
hanges  in  the  weather, 
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Electric  sparks  are  fi-eqiiently  obtained.    The  colour  of  the 
spark  is  blue,  and  frequently  violet  and  purple. 

The  method  hitherto  adopted  for  observing  the  indication  of 
these  instruments  has  been  that  of  viewing,  through  a  fixed 
telescope,  the  divisions  of  a  fixed  scale  reflected  by  a  plane 
mirror  attached  to  each  magnet.  But  by  this  system  of 
observation  a  veiy  imperfect  knowledge  of  the  nature  of  mag- 
netic changes  has  been  obtained ;  and  as  it  has  been  deemed 
necessary,  in  magnetic  observatories,  that  the  observations  of 
the  various  instraments  should  be  made  at  intervals  of  at 
furthest  two  hours,  by  night  as  well  as  by  day,  a  laborious 
duty  has  devolved  upon  the  assistants;  some  means  of 
enabling  these  instruments  to  record  their  OAvn  changes  was 
long  an  acknowledged  desideratum.  With  the  aid  of  photo- 
graphy this  desired  object  has  been  attained,  and  an  ingenious 
instrument  for  applying  which,  constructed  by  Mr.  Erookc, 
received  a  medal  at  the  Exhibition  of  1851. 

By  Mr.  Brooke's  self- registering  apparatus  an  uninter- 
rupted and  unening  record  of  all  magnetic  changes  is  now 
maintained  at  the  Greemvich  Obsei'vatory.  These  results 
could  not  have  been  arrived  at  by  personal  observation  ;  for 
even  if  every  telescope  were  constantly  watched  by  the  eye  of 
an  assistant  (which  would  require  a  very  numerous  stafi'),  the 
results  woidd  be  liable  to  errors  of  observation  ;  and  occasion- 
ally the  magnetic  variations  are  too  rapid  and  transient  to  he 
continuously  recorded  by  any  observer.  We  may  further 
remark,  that  since  the  employment  of  this  apparatus  at  Green- 
wich, the  number  of  assistants  in  the  magnetic  department  has 
been  reduced,  and  the  fatigue  of  night  duty  has  been  dispensed 
with  entirely. 

Magnetic  registration  is  one  of  the  most  useful  applications 
hitherto  made  of  the  beautiful  art  of  photography.  The 
method  applied  to  each  of  the  magnetic  instruments  may  be 
thus  described : — A  concave  metaUic  mirror  thi'ee  inches  in 
diameter  being  attached  to  each  by  a  frame  comprising  all 
requisite  adjustments,  the  rays  of  light  from  a  lamp  or  g-as 
burner,  placed  at  a  distance  of  about  two  feet  fi'om  the  miiTor, 
pass  through  a  small  aperture  in  a  metaUic  plate,  and  fall  on 
the  mirror,  whence  they  are  reflected  to  a  focus  at  a  certain 
distance.  The  source  of  light  being  fixed,  it  is  clear  that  the  ^  _ 
movements  of  the  focal  point  of  light  wiU  correspond  with 
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those  of  the  magnet.  A  cylinder  covered  with  photographic 
paper  is  so  placed  that  the  point  of  light  may  fall  on  it.  The 
cylinder  is  carried  roimd  on  its  axis  by  clock-work,  and,  by 
the  combined  movements  of  the  point  of  light  and  of  the 
cylinder,  the  magnetic  curve  is  self-traced  upon  the  sensitive 
paper.  The  photographic  process  has  also  been  applied  to  the 
barometer,  and  to  the  wet  and  dry  bulb  thermometers ;  but 
the  mode  of  application  is  different  from  the  preceding,  the 
light  not  being  reflected  from  a  mirror. 

As  the  preparation  of  the  sensitive  paper  used  in  these 
instruments  differs  somewhat  from  that  adopted  in  ordinary 
photographic  processes,  it  may  not  be  inappropriate  to  describe 
it.  The  paper  is  first  washed  with  a  solution  of  four  grains 
of  isinglass,  eight  of  iodide,  and  twelve  of  bromide  of  potas- 
sium, in  one  fluid  ounce  of  distilled  water,  and  dried  quickly 
by  the  fire ;  a  considerable  quantity  of  paper  may  be  thus  pre- 
pared at  once.  Previously  to  being  placed  on  the  cylinder,  the 
■  paper  is  washed  over  with  a  solution  of  fifty  grains  of  nitrate 

•  of  silver  to  one  ounce  of  water,  which  communicates  to  it  the 

•  requisite  degree  of  sensibility.  After  having  been  in  action 
Ifor  twenty- four  hours,  the  paper  is  removed  from  the  cylinder, 
1  and  the  impression  developed  with  a  warm  soliition  of  twenty 
{  grains  of  galUc  acid  to  one  ounce  of  water,  with  a  small  addi- 
Ition  of  the  ordinary  commercial  strong  acetic  acid :  this  is 
•subsequently  fixed  in  the  usual  way  with,  hyposulphite  of 
I soda. 

The  principle  of  the  photographic  part  of  the  apparatus  is 
jshown  in  the  annexed  cut  (fig.  362),  in  which  a  represents  a 
part  of  a  bar  magnet ;  b  a  concave  mirror,  resting  in  a  stirrup 
ly  attached  to  the  suspension  apparatus,  the  whole  being 
pported  by  a  single  thread ;  e  a  blackened  glass  cylinder, 
rapped  round  with  photographic  paper ;  d  a  plano-convex 
.^ns  ;  c  a  lamp  placed  a  little  out  of  the  line  which  joins  the 
ntres  of  the  cylinder  and  magnet.    In  operation  a  pencil  of 
Vht  passes  from  c*  through  a  very  narrow  slit  or  aperture, 
'verges  and  spreads  over  the  mirror  b,  from  which  it  is  re- 
ected,  and  diverges  to  the  lens  d,  and  is  condensed  into  ri 
ell-defined  spot  of  light  at  the  surface  of  the  paper.  The 
tion  of  this  spot  upon  the  photographic  paper  is  to  leave  a 
CO,  which  is,  however,  imperceptible,  until  removed  and 
veloped  in  the  manner  pointed  out. 
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As  the  whole  of  the  suspension  apparatus  is  firmly  fixed 
together,  the  mirror  partakes  of  every  movement  of  the  magnet, 


Fig.  362. 

and  reflecting  the  spot  of  light  to  different  parts  of  the  paper, 
according  to  the  communicated  movements,  causes  the  photo- 
graphic action  created  hy  the  spot  to  hecome  a  record  of  the 
movements  of  the  magnet  with  which  it  is  identified. 

The  undulations  in  the  trace,  when  developed,  are  in  exact 
accordance  with  the  deflection  of  the  magnet  to  the  right  and 
left ;  a  period  of  rest,  during  which  time  the  spot  remains 
stationary,  being  indicated  by  an  undeviating  line,  the  con- 
tinuity of  which  remains  unbroken,  as  the  cylinder  is  placed  in 
gear  "with  a  chronometer  by  means  of  the  winch-iron  at  the 
end,  resting  in  the  hand  of  the  chronometer,  forked  for  its 
reception,  wliich  revolves  once  in  twelve  hours. 

When  we  consider  that  our  health,  aud  even  Hfe,  depend 
upon  the  weather,  that  storms  arise  and  wreck  our  vessels,  that 
heavy  rains  inundate  our  lands  and  damage  or  destroy  our 
crops,  that  in  an  island  striving  to  make  the  most  of  the  soil, 
and  vying  with  the  world  in  its  manufactories,  and  in  a  popu- 
lation far  advanced  in  scientific  knowledge  in  all  its  branches, 
and  studying  the  best  means  of  preserving  life  and  health,  and 
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of  attaining  domestic  comforts,  it  is  not  to  be  wondered  at  that 
meteorology  is  now  attracting  considerable  attention.  Pro- 
bably the  reason  this  study  has  been  hitherto  much  neglected 
is  owing  to  the  fact,  that  weather  changes  being  variable  and 
unaccountable,  we  are  apt  to  think  it  impossible  to  find  out  the 
laws  which  govern  them,  and  perhaps  even  to  doubt  the  exist- 
ence of  such  laws.  That  laws  do  exist,  as  powerful  as  those 
which  connect  our  earth  with  the  sun,  there  cannot  be  a  doubt. 
Were  there  no  laws,  we  should  be  parched  with  thirst,  or 
deluged  with  rain — scorched  by  an  overpowering  heat  of  the 
sun,  or  frozen  to  death  by  exeesdve  frost.  Storms  of  wind 
would  tear  up  our  largest  trees  and  hurl  down  our  noblest 
buildings  ;  or  the  air  would  remain  immoveable  and  stagnant, 
ceasing  to  carry  off  the  poisonous  exhalations  from  our  towns. 
As  it  is,  however,  we  have  a  certain  range  of  temperature  and 
pressure ;  rain  will  always  fall  to  a  known  extent,  yet  never 
exceed  a  certain  limit ;  the  air  can  never  be  very  long  at  rest, 
and  the  velocity  cannot  extend  beyond  an  ascertainable  press- 
ure. Even  the  clouds,  of  which  nothing  can  be  said  to  be 
more  changeable,  obey  a  law,  by  which  the  earth  is  shielded 
in  a  greater  or  less  degree  fi'om  our  winter's  cold  and  summer's 
heat.  Thus,  in  summer,  the  greatest  amount  of  cloud  occurs 
in  the  afternoon,  and  the  least  at  night ;  whUst  in  winter  the 
reverse  takes  place. 

Electro-Magnetism. 

Philosophers  laboured  long  in  the  endeavour  to  trace  the 
relations  of  electricity,  galvanism,  and  magnetism  to  each 
other,  and  to  find  out  the  law  by  which  polarity  was  given  to 
steel  bars  by  means  of  electricity  ;  but  nothing  decisive  on  this 
subject  was  discovered  until  the  year  1819,  when  Professor 
CErsted,  of  Copenhagen,  announced  a  series  of  investigations 
that  have  formed  the  foundation  of  the  science  of  electro - 
magnetism.  CErsted  stated  that  if  a  magnetic  needle,  free  to 
move,  were  brought  parallel  to  a  wire  conveying  electricity,  it 
would  leave  its  natural  position  and  take  up  a  new  one,  de- 
pendent on  the  position  of  the  wire  and  needle  to  each  other. 
If  the  needle  be  placed  horizontally  under  the  wire,  the  pole 
of  the  needle  nearest  the  negative  end  of  the  battery  will 
move  westward ;  but  if  the  needle  be  placed  above  the  wire, 
the  same  pole  wiU.  move  eastward.  >  If  the  needle  be  placed  in 
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the  same  horizontal  plane  as  the  wire,  no  motion  takes  place 
in  that  plane,  but  it  inclines  to  a  vertical  action  ;  when  the 
wire  is  to  the  west  of  the  needle,  the  pole  nearest  the  negative 
side  of  the  battery  is  depressed,  but  when  it  is  on  the  eastern 
side  it  is  elevated.  From  these  phenomena  CErstcd  concluded 
that  the  magnetic  action  of  the  electricity  moved  in  a'  circular 
manner  round  the  conducting  object.  A  -wire  that  connects 
the  two  extremities  of  a  voltaic  battery  was  termed  by  ffirsted 
the  conjunctive  wii'e.  By  bringing  the  north  pole  of  a  magnetic 
needle  below  and  at  right  angles  to  the  platinum  wire,  it  will 
bo  repelled,  but  if  above  it  attraction  takes  place.  Eeverse 
the  poles  of  the  needle,  and  the  results  will  be  reversed.  Upon 
this  deflection  of  the  needle  by  the  voltaic  current  depends  .the 
working  of  the  modern  electric  telegraph. 

Professor  (Ersted  laid  down  the  following  formula  : — "  The 
pole  above  which  the  negative  electricity  enters  is  turned  to 
the  west ;  the  pole  binder  wliich  it  enters  to  the  east." 

Faraday  constructed  a  delicate  apparatus  (fig.  363)  which 
consisted  of  a  vessel  nearly  full  of  mercury ; 
in  the  centre  of  the  bottom  of  the  cup  a 
copper  wire  a  b  was  inserted,  a  cylindrical 
magnet  e/was  fastened  by  a  thread  to  the 
wire,  and  the  north  pole  of  the  magnet  only 
projected  above  the  mercury;  cd,  a  con- 
ductor, was  inserted  in  the  mercury  exactly 
over  a.  The  wires  of  a  battery  were  then 
attached,  and  as  the  cim-ent  passed  through 
the  mercury  fi'om  one  wire  to  another,  the 
magnet  rotated  about  it.  If  the  positive 
current  descended,  the  rotation  was  in  the 
direction  from  east  through  south  to  west ; 
but  if  the  cun'ent  was  made  to  ascend,  then 
the  direction  of  the  motion  was  reversed.  ^'8-  ^63- 

The  ingenious  experiments  of  Ampere  in  Trance,  and  Davy 
in  England,  at  length  showed  that  the  conjunctive  wire  became 
possessed  of  aU  the  properties  of  a  magnet,  and  that  pieces  of 
steel  placed  at  right  angles  to  an  electric  current  might  be 
magnetized  to  a  degree  correspondent  to  the  amount  of  elec- 
tricity passed  round  them. 

Arago,  under  the  direction  of  Ampere,  formed  a  helix  of 
wire,  having  at  each  end  a  small  cup  of  mercury,  and  on 
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placing  in  the  axis  a  needle,  it  became  instantly  magnetized 


Fig.  364.  Fig. 


Thws  by  an  electric  current  we  may  produce  magnetism. 
If  we  take  a  piece  of  soft  iron  somewhat  in  the  shape  of  a 
horseshoe,  then  coil  round  it  cotton  or  silk-covered  copper 
wire,  the  ends  of  which  are  imited  to  the  extremities  of  a 
voltaic  battery,  we  create  an  electro-magnet  of  enormous  power. 

These  magnets  are  temporary,  their  power  only  lasting  while 
the  electrical  current  is  passing  through  the  wire.  In  this 
respect  soft  iron  differs  from  steel,  as  the  latter  acquires 
magnetism  more  slowly,  and  retains  it  after  the  exciting  cause 
has  ceased.  The  cotton  or  sUk  wound  round  the  copper  wire 
is  to  insulate  it  throughout  its  course.  A  magnet  has  been 
formed  on  this  principle  capable  of  sustaining  upwards  of  one 
ton  six  cwt.,  while  the  magnet  and  its  coU  were  not  more  than 
35  lbs.  weight.  A  magnet  exhibited  in  London,  at  an  eighth 
of  an  inch  distance,  attracted  iron  with  a  force  of  1344  lbs., 
and  required  more  than  two  tons  force  to  separate  it  when  in 
contact. 

One  peculiarity  attends  the  electro-magnet,  which  is,  that 
although  it  is  capable  of  sustaining  this  immense  weight,  its 
attractive  power  extends  but  a  short  distance. 

Mectro-Motion. 

The  discoveiy  being  made  that  magnets,  almos  ilhmitable 
in  power,  could  thus  easily  be  constructed,  attention  naturally 
was  given  to  their  application  as  a  motive  power.  The  ad- 
vantages of  such  a  power,  in  certain  respects,  over  steam  were 
self-evident, from  its  noiseless  action, portability, safety  and  con- 
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trollability.  Professor  Jacobi,  assisted  by  the  Russian  govern- 
ment, succeeded  in  propelling  a  boat  upon  the  Neva  at  a  rate 
surpassing  that  obtained  in  the  first  attempts  at  steam  naviga- 
tion. In  his  experiments  in  1839  he  had  a  boat  28  feet  in 
length  and  7|  in  width,  which  drew  about  3  feet  water.  Ten 
persons  were  on  board,  and  the  paddles  were  moved  by  an 
engine  worked  by  a  Grove's  battery  of  64  paii's,  each  platinum 
plate  having  36  square  inches  of  surface.  The  speed  attained 
was  four  miles  an  hour.  The  Russian  philosopher  has  appHed 
the  same  power  to  various  machines,  but  not  yet  with  decided 
success. 

Mr.  Robert  Davidson  attempted  in  1842  its  application  to 
railway  locomotion,  and  succeeded  in  propelling  a  carriage 
weighing  five  tons,  at  the  rate  of  four  miles  an  hour  on  the 
Edinburgh  and  Glasgow  Railway. 

Mr.  Davenport  and  Professor  Page,  in  America,  have  made 
several  attempts  to  accomplish  the  motion  of  machinery  by 
electro-magnetism  in  lieu  of  steam.  The  latter  is  said  to  have 
constructed  engines  of  considerable  power.  He  also  worked  a 
printing-machine  of  four  horse-power,  and  a  trip-hammer 
which  he  controlled  at  a  slow  or  rapid  speed  with  the  utmost 
facility. 

An  ingenious  Danish  gentleman,  named  Hjorth,  took  out 
patent  in  1849  for  an  electro-magnetic  motive  engine.    It  was 
of  ten  horse-power,  and  one  of  the  electro-magnets  was  capable 
of  supporting  5000  lbs.  weight ;  at  a  distance  of  one-eighth  of 
an  inch  its  attractive  force  was  equal  to  1500  lbs. 

Although  many  scientific  persons  maintain  the  impossibihty 
of  its  superseding  steam,  we  would  advise  some  caution  in  such 
assertions ;  for  it  must  be  remembered  that  when  it  was  first 
suggested  to  Light  towns  with  gas,  the  greatest  chemist  of  the 
time,  Davy,  recommended  the  company  as  an  easier  method  of 
accomplishing  their  object,  to  cut  a  slice  ofi'  the  moon.  As  to 
oceanic  steam  navigation,  Dr.  Lardner  proved  to  the  British 
Association,  most  satisfactorily,  its  utter  impracticabihty  in  a 
commercial  point  of  view.  Stephenson  was  laughed  at  by  a 
learned  Quarterly  Reviewer,  when  he  ventured  to  state  that  he 
could  move  carriages  on  railways,  by  locomotive  power,  at  a 
rate  of  twenty  miles  an  hour.  Yet  all  these  objects  are  fully 
attained. 

The  motive  power  of  electro -magnetism  has  been  most  sue- 
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cessfully  applied  to  the  mechanism  of  time-keepers.  Clocks 
are  now  found  in  action  at  the  principal  railway  stations, 
chronometer-makers'  shops,  and  telegraph  offices  in  the  king- 
dom; many  private  establishments  have. adopted  them,  and 
find  they  will  go  better  than  the  ordinary  time-pieces,  that 
they  cost  but  little,  and  their  regularity  can  be  thoroughly 
depended  upon.  Greenwich  time  is  notified  in  London  by  the 
electric  ball-apparatus  in  the  Strand  and  ComhUl. 

Magneto-Electric  Machine.  ^ 

"We  have  seen  that  magnetism  may  be  produced  by  electri- 
city. The  converse  also  may  occur,  and  magnetism  produce 
electricity. 

Faraday  was  the  first  person  who  demonstrated  that  from 
ordinary  magnets  a  continuous  stream  of  electricity  could  be 
produced.    In  a  variety  of  ingenious  methods 
he  rendered  this  plain.    He  had  a  curved  bar 
of  soft  iron,  around  which  he  wound  500  feet 
of  copper  wire,  leaving  the  ends  bare ;  the 
ends  of  the  wires  he  connected  with  a  delicate 
galvanometer;  on  bringing  the  ends  of  the 
soft  iron  in  contact  with  the  ends  of  the  mag- 
net, he  obtained  the  usual  indications  of  the 
presence  of  electricity ;  and  on  breaking  con-  "^^IF^"^^ 
tact  the  needle  was  again  deflected,  but  in 
the  opposite  direction.    M.  Hipolyte  Pixii, 
of  Paris,  followed  up  the  discovery  of  Faraday. 
"With  a  coil  of  3000  feet  of  wire  round  a  « 
curved  bar  of  soft  iron,  which  bar  he  placed  \SkJ 
very  near  the  ends  of  the  permanent  magnet,       Fig.  366. 
and  causing  the  magnet  to  revolve  round  very  rapidly,  making 
and  breaking  contact  every  time  the  poles  passed  the  ends  of 
the  bar,  he  produced  a  continuous  and  rapid  succession  of 
brilliant  sparks ;  this  was  the  first  magneto- electric  machine. 
In  1833  and  1835  this  instrument  was  improved  by  Mr. 
Saxton,  who,  instead  of  causing  the  magnet  to  revolve,  had  a 
double  armature  which  turned  round.    By  this  magneto-elec- 
tric machine,  represented  in  the  accompanying  figure  (367),  a 
continuous  stream  of  electricity  may  be  produced  of  sufficient 
force  to  give  violent  shocks,  to  melt  metals,  and  to  exhibit 
most  of  the  phenomena  of  a  powerful  voltaic  battery.  The 
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principal  parts  of  the  instniment  consist  of  a  strong  compound 
pei-manent  steel  magnet  a  h ;  and  two  combined  pieces  of  soft 
iron  c  d  covered  with,  helices  of  copper  wire,  and  fixed  on  an 
axis,  so  as  to  rotate  in  close  proximity  to  the  siu'faces  of  the 
permanent  magnet.  A  multipljdng-wheel  e  gives  rapid  rotary 
motion  to  the  soft  iron  armature,  the  ends  of  the  wire  round 
which  are  so  arranged  that  contact  is  made  and  broken'at  each 
revolution  ;  and  at  every  break  of  contact  a  current  of  electri- 
city is  evolved. 


Fig.  367. — Sexton's  Magiieto-electi-ic  Machine. 

Tlie  Electric  Telegraph. 

Of  all  the  recent  achievements  of  science  the  Electro-Mag- 
netic Telegraph  is  the  most  wonderful.  By  it,  space  is  anni- 
hilated and  time  beaten — light  is  out-distanced  in  the  swiftness 
of  its  flight — news  speeds  along  wires  biu'ied  in  the  earth, 
sunk  in  the  ocean,  or  stretched  on  poles,  telling  of  the  fall  of 
empires  or  the  flight  of  kings,  the  price  of  stocks,  of  births 
and  bankruptcies,  arrivals  and  departures,  accidents  and  wrecks, 
crops,  robberies,  mui'ders,  and  markets.  Eriends  hundreds  of 
miles  distant  may  converse  as  if  in  the  same  apartment ;  may 
print  what  they  wish  announced;  may  write,  and  by  their 
hand  prove  their  identity.  Joiirneys  are  saved,  feelings  are 
soothed,  anxiety  is  banished,  and  safety  promoted  to  person 
and  property,  by  the  magic  of  this  extraordinary  invention. 
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In  1748  Dr.  "Watson,  Bishop  of  LlandafF,  in  company  with 
other  scientific  persons  from  Shooter's  Hill,  laid  down  a  Avire 
on  land  and  through  water  more  than  four  miles  in  length,  and 
through  this  passed  the  electric  current  in  a  space  of  time  that 
could  not  be  appreciated ;  hence  he  conceived  the  application 
of  such  means  to  a  system  of  conveying  signals.  The  Bishop's 
experiments  were  repeated  on  the  continent,  and  in  one  instance 
through  a  circuit  of  twenty-six  miles.  In  1787,  M.  Lamond 
attempted  to  practise  it  in  France,  but  his  plan  never  became 
popular.  Mr.  Ronalds  of  Hammersmith,  in  1816,  exhibited 
a  telegraph  with  a  wire  eight  miles  in  length,  worked  by  elec- 
tric clocks ;  and  M.  Sommerring  invented  a  very  ingenious 
contrivance  for  telegraphic  purposes. 

All  these  inventions  were  truly  electric  telegraphs.  The 
current  of  voltaic  electricity  was  made  to  act  on  a  signaling 
machine  resembling  the  pith-ball  electrometer,  the  divergence 
of  the  pith-baUs  being  the  sign.  This  system  required  batte- 
ries of  high  power ;  it  was  liable  to  fallacy,  and  otherwise  incon- 
venient. 

Probably  this  boon  to  our  time — the  power  of  almost  instan- 
taneous correspondence — would  never  have  been  practically 
granted,  had  it  not  been  for  the  great  discovery  of  Oersted, 
already  mentioned.  He  showed  that  the  magnetic  needle  could 
be  deflected  by  passing  a  voltaic  current  round  it.  He  showed 
also  that  by  similar  means  a  rod  of  soft  iron  could  be  converted 
into  a  magnet  of  considerable  power.  Upon  these  two  discove- 
ries, but  especially  the  first,  the  construction  of  aU  modem  or 
magrietic  telegraphs  depends;  and  when  they  were  made  known, 
the  invention  of  a  working  machine  became  comparatively  an 
easy  thing,  a  matter  that  the  skilful  mechanician  could  solve 
without  great  difficulty. 

A  battery  at  one  place — an  insulated  wire  stretching  to 
!  another  place,  50,  100,1000  mUes  off — at  that  place  a  mag- 
:  netic  needle  (in  a  box)  round  which  this  wire  is  made  to 
ipass  before  its  final  immersion  in  the  earth — another  needle 
>.  on  a  dial  plate,  which  moves  or  beats  in  correspondence  with 
[ithe  needle  within,  by  these  motions  or  beats  maldng  certain 
(signals  or  letters — siich  is  the  common  magnetic  telegraph. 

The  conducting  wire  may  be  hung  upon  poles,  canicd  in 
[ttubcs  underground,  covered  with  gutta  percha,  and  twisted 
hwith  others  into  a  rope.    This  rope  may  l)e  swxmg  over  wires 
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sunk  at  the  bottom  of  seas,  buried  beneath  fathomless  oceans, 
where  the  mile-deep  water  is  always  still. 

Nothing  but  engineering  difficulties,  soon  to  be  overcome, 
impedes  the  universality  of  the  mighty  system.  Already 
Europe,  Ainerica,  India  are  covered  with  wires.  Already  by 
the  submarine  telegraphs  we  are  placed  in  commiinication 
with  all  Europe  and  with  Ireland.  The  chain  that  is  to  unite 
us  with  Ameiica  only  waits  the  laying  down,  and  another 
through  Turkey,  and  do-wTi  the  Euphrates  to  India,  is  preparing. 
AustraUa  only  is  left.  "We  doubt  not  that  the  present  genera- 
tion will  see  the  day  when  a  scheme  of  centralization  such  as 
legislators  never  dreamed  of  may  become  a  sober  possibiHty — 
when  India  and  Australia  and  Canada  may  be  ruled  as  weU 
from  London  as  from  Calcutta,  or  Melbourne,  or  Quebec ;  and 
villages  in  Africa,  but  five  miles  asunder,  may  be  practically 
further  apart  than  we  from  our  antipodes. 

Dr.  Eitchie  and  Davy  were  the  first,  after  the  discoveries  of 
(Ersted  and  Ampere,  who  exerted  themselves  to  bring  the  in- 
vention to  a  practical  state  ;  but  it  was  not  until  1837  that  a 
successful  method  was  exhibited  by  Mr.  Alexander,  of  Edin- 
burgh, before  the  Society  of  Arts  of  that  capital,  and  for  which 
he  took  out  a  patent  in  the  same  year.  It  was  in  the  forin  of 
a  chest,  and  consisted  of  thirty-one  separate  wires,  for  the 
alphabet,  stops,  and  signals.  A  series  of  troughs  of  mercury 
communicated  with  a  voltaic  battery ;  a  series  of  keys  Hke 
those  of  a  pianoforte  were  provided,  having  a  wire  run  under- 
neath each,  by  which  the  communication  with  the  trough  of 
mercury  could  be  made  ;  these  being  pressed  do'wn  completed 
the  circuit ;  each  key  communicated  with  a  magnetic  needle, 
on  which  was  placed  a  screen  concealing  a  letter ;  so  that  on 
the  depression  of  a  key  the  current  passed  to  the  according , 
needle,  which  being  deflected  the  letter  was  uncovered; 
soon  as  the  contact  ceased,  the  letter  was  again  hidden. 

Many  improvements  and  inventions  followed;  and  at  last i 
Professor  Wheatstone  and  W.  EothergiU  Cooke  brought  the 
matter  to  such  perfection,  as  to  cause  it  to  be  adopted  in  con- 
nexion with  the  railway  system  of  the  kingdom,  and  to  becomej 
a  valuable  addition  to  individual  and  national  happiness. 

We  ■will  now  shortly  describe  the  arrangements  adoptedinthis,! 
which  is  one  of  the  best  known  and  at  one  time  the  most  Avidelyj 
used  telegraph  instrument,  premising  that  many  different  ma- 
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chines  are  in  nse  on  different  lines,  consisting  of  much  complex 
mechanism,  though  depending  for  their  action  on  simple  prin- 
ciples. In  the  great  system  of  suhterranean  wire  now  laid 
down  by  the  Electric  Telegraph  Company  throughout  the 
kingdom,  pecuhar  difficulty  was  at  first  experienced  from  a 
recoil  cun-ent  which  followed  the  ciirrent  on  which  the  message 
depended.  This  has  had  to  be  overcome  by  some  instruments 
of  a  special  nature,  used  as  supplementary  to  the  telegraph 
machine. 

The  batteries  used  for  the  purposes  of  the  telegraph  are  the 
same  in  principle,  but  a  little  different  in  detail,  with  those 
we  have  ah-eady  described.  They  consist  of  a  strong  wooden 
water-tight  trough,  with  partitions  of  slate ;  the  zinc  and 
copper  plates  are  connected  by  slips  of  copper  to  which  they 
are  soldered,  and  which  slips  support  them  on  the  slates.  The 
cells  are  filled  with  fine  sand,  saturated  with  One  part  of  sul- 
phuric acid  to  fifteen  of  water,  and  according  to  the  distance  is 
the  number  of  cells  required.  The  zinc  plates  are  first  amal- 
gamated by  leaving  them  for  a  short  time  in  a  solution  of 
bichloride  of  mercury,  by  which  they  become  coated  with  mer- 
cury and  more  durable.  The  two  wires  from  the  opposite  ends 
of  the  trough  are  then  ready  for  use,  and  are  attached  to  the 
telegraph.  As  two  wires  only  are  used,  without  return  wires 
to  complete  the  circuit,  a  large  piece  of  metal  is  buried  in  the 
earth,  to  which  a  branch  wire  from  the  telegraph  instrument 
is  attached,  or  it  is  fastened  to  the  water  or  gas  pipes  of  towns. 

The  earth  then  completes  the  circuit,  rendering  a  return 
wire  unnecessary.  It  has  even  been  found  that  the  earth  has 
some  further  action,  not  quite  understood,  by  means  of  which 
it  increases  the  iatensity  of  the  current  passing  through  the 
wires. 

The  first  act  on  commencing  operations  at  the  electric  tele- 
jgraph  instrument  from  either  station  is  that  of  ringing  a  bell, 
iwhich  is  performed  by  what  is  termed  a  striking  apparatus 
iplaced  on  the  top  of  the  instrument,  seen  in  fig.  368,  where 
the  attendant  is  present.   This  apparatus  consists  of  an  ai-ma- 
ture  c  c  formed  of  soft  iron  with  silk-covered  fine  copper  wire, 
connected  together.    As  soon  as  the  current  of  electricity 
■passes  into  them,  the  iron  bar  in  the  centre  of  each  becomes 
I  magnet.  At  a  little  distance  from  them  at  one  end  is  a  piece 
jf  soft  iron  cl ;  this  is  attracted  to  the  magnets,  and  as  it  is 
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attached  to  the  bent  lever  e,  it  moves  the  lower  end,  to  which 


Fig. 

there  is  a  catch  backward,  bj"-  which  motion  tlie  pin  /  is  re- 
leased. The  wheels  being  at  liberty,  and  acted  upon  by  a  main 
spiing,  they  whirl  round  and  give  motion  to  a  hammer  that 
strikes  the  bell  g.  On  the  left  of  e  there  is  a  slight  spring  that 
reacts  on  the  lever  and  restores  it  to  its  position  when  the 
att]'action  of  the  electro-magnet  ceases,  and  causes  the  catch 
again  to  hold  the  pin  /. 

As  soon  as  the  attendant  ariives  at  the  dial  to  which  his 
attention  is  called,  his  first  care  is  to  stop  the  noise  of  the  bell, 
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that  keeps  ringing  until  attended  to.  On  the  left-hand  side  of 
the  dial-box  (fig.  368)  there  is  a  brass  handle,  by  turning 
which  the  current  is  made  to  pass  to  the  Andres  of  the  dial 
instead  of  proceediug  on  to  the  clock ;  then  the  attendant  re- 
plies with  a  signal  to  "  go  on  "  or  "  wait "  (see  fig.  370),  which 
^\iU.  be  explained  presently. 

As  soon  as  the  voltaic  force  is  applied  at  one  end  of  the 


Fig.  369.— The  Coiled  Magnets. 

■"e,  it  is  sensibly  felt  at  the  other  end  ;  and  according  to  the 
r'rection  in  whicli  it  arrives  at  the  instrument,  the  magnetic 
odle  is  moved  to  the  right  or  to  the  left.    The  portion  of  the 
paratus  which  indicates  this  Is  termed  the  telecjraph  galva- 
ometer. 

Two  magnetic  coils  are  made,  consisting  of  very  fine  sUk- 
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covered  wire  iTc  (fig.  369).  These  are  placed  vertically,  and 
within  is  a  needle  having  its  north  end  downwards,  communi- 
cating and  acting  upon  another  needle  h,  which  is  outside  the 
dial  or  index-plate. 

The  handles  seen  in  fig.  369  turn  a  wheel  or  drum,  by 
which  the  circuit  is  made  instantly  either  in  one  direction  or 
the  other.  This  appears  by  the  deflection  of  the  needles  at 
both  ends  of  the  Hne  at  one  and  the  same  time.  If  the 
attendant  turns  the  handle  so  as  to  send  a  positive  current 
through  •  the  wire,  the  needle  is  deflected  towards  the  right 
hand ;  and  if  he  turn  it  in  the  opposite  direction,  the  needle 
is  deflected  towards  the  left.  Thus  the  movement  of  the 
needle  is  entirely  at  the  command  of  the  operator. 

When  we  watch  the  working  of  a  telegraph,  and  see  the  little 
delicate  needles  rapidly  move  slightly  to  one  side  and  then  to 
the  other,  and  are  told  this  is  caused  more  than  a  hundred  miles 
distant,  and  hear  the  attendant  deliver  to  the  clerk  some 
lengthy  message  of  private  or  public  import — we  wonder  how 
such  motions  can  be  so  interpreted ;  yet  it  is  actually  the  most 
easily  acquired  alphabet  known  by  which  words  are  spelt. 

When  the  needle  is  made  to  go  to  the  left  twice,  the  letter 
a  is  meant;  when  thrice,  the  letter  h  is  intended;  and 
when  the  pointer  goes  first  to  the  right,  then  to  the  left, 
the  letter  c  is  expressed.  On  the  pointer  moving  to  the  cross 
it  signifies  "  stop" — the  word  is  complete ;  but  if  the  attend- 
ant receiving  the  message  does  not  understand,  he  makes  a 
return  signal  of  once  to  the  cross,  and  the  other  party  repeats 
the  word.  As  each  word  is  received  the  attendant  acknow- 
ledges he  understands  it  by  pointing  once  to  the  letter  e  oe 
the  dial.  The  letter  n  is  signified  by  the  needle  first  going  to 
the  left,  then  to  the  right ;  e  is  one  motion  to  the  right ;  I 
two  motions ;  and  g  three  motions  to  the  right,  and  so  o~ 
through  the  whole  alphabet.  The  technical  term  for  thes 
motions  is  heat.  Por  "  yes"  one  beat  is  made  to  e  ;  once  to  k 
with  both  needles  to  the  right  signifies  "wait,"  and  both 
needles  to  the  left  signify  "  go  on." 

In  the  electric  printing -telegraph  inked  types  are  brought 
into  contact  with  the  paper  by  the  force  of  an  electro-magnet. 
The  perfection  and  rapidity  of  execution  are  surprising,  and 
on  the  lines  where  they  are  employed  have  been  perfectly 
successful. 
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The  copying  electric  telegraph  (fig.  371),  invented  by  Mr. 
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Fig.  370.— The  Index. 

r.  C.  Bakewell,  is  extremely  simple.  The  messages  to  be  trans- 
mitted are  written  on  tinfoil  with  sealing-wax  varnish,  and  are 
then  applied  to  a  cylinder  on  the  transmitting  instrument.  A 
metal  style  connected  with  the  voltaic  battery  presses  lightly 
on  the  writing  ;  and  as  the  cylinder  revolves  by  the  inflixence 
of  a  weight,  the  metal  point  is  carried  by  a  fine  screw,  on 
which  it  traverses,  from  the  top  to  the  bottom  of  the  lines  of 
writing.    By  this  arrangement  the  style  passes  several  times 
over  each,  but  in  different  parts,  of  the  letters.    The  receiving 
I  instrament  resembles  the  transmitting  one ;  but  on  the  cylinder 
t  of  that  instrument  paper  moistened  with  a  solution  of  prus- 
I  slate  of  potass  and  diluted  muriatic  acid  is  applied,  and  the 
imetal  style  consists  of  a  piece  of  fine  steel  wire.    The  electric 
(current  from  the  positive  pole  of  the  voltaic  battery  is  con- 
tducted  by  a  communicating  wire  to  the  steel  point,  and  passes 
rough  the  paper  to  complete  the  voltaic  circuit.    The  action 
the  electricity,  when_  the  current  is  passing,  decomposes  the 
uriatic  acid,  and  the  eteel  combining  with  the  chlorine  of  the; 
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acid,  a  deposition  of  iron  takes  place  on  the  paper,  which  i 


instantly  converted  into  prussian  blue  by  the  prussiato 
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potass.  By  this  arrangement,  therefore,  the  steel  point  of  the 
receiving  cylinder  draws  a  succession  of  blue  hnes  spirally  over 
the  paper  when  the  electricity  is  passing  through  it ;  but  when 
the  electric  current  is  interrupted  by  the  varnish  writing,  over 
which  the  point  of  the  transmitting  cylinder  is  continually 
passing,  the  electric  current  is  momentarily  interrupted,  and 
the  marking  ceases.  The  small  intervals  caused  by  the  cessa- 
tion of  marking,  where  the  varnish  interposes,  produces  an 
exact  copy  of  the  written  message  on  the  paper,  the  letters 
appearing  nearly  white,  on  a  ground  composed  of  blue  lines 
drawn  very  closely  together. 

It  is  essential  to  the  success  of  the  process  that  the  two 
separate  instruments  should  rotate  exactly  together;  other- 
wise the  receiving  paper  would  present  a  confusion  of  marks, 
instead  of  legible  writing,  for  the  different  parts  of  each  letter 
would  be  marked  irregularly.  To  produce  a  synchronous 
movement,  Mr.  BakeweU  has  contrived  an  electro-magnet 
regulator,  by  which  means  the  effect  may  be  produced  at 
whatever  distance  the  instruments  may  be  apart. 

The  number  of  times  absolutely  requisite  for  the  point  to 
pass  over  each  line  of  writing  to  make  the  copy  legible  is  six  ; 
but  when  the  screw  is  fine,  and  the  writing  large,  the  point 
passes  over  a  greater  number  of  times  to  bring  out  the  forms 
of  the  whole  letters. 

The  rapidity  of  the  process  depends  on  the  smaUness  of  the 
writing,  and  on  the  velocity  of  the  revolving  cylinders.  The 
usual  rate  of  working  is  one  revolution  in  two  seconds,  and  at 
that  speed  upwards  of  three  hundred  letters  per  minute  can 
be  transmitted.  The  practicability  of  this  plan  has  been 
proved  by  the  transmission  of  written  messages  between 
Brighton  and  London. 

The  advantages  of  this  means  of  telegraphic  communication 
1  are  stated  to  be,  entire  freedom  from  error,  as  the  messages 
t  transmitted  are  facsimiles  of  the  original  manuscripts ;  authenti- 
( cation  of  the  communications  by  the  transmission  of  copies  of 
Ithe  handwriting,  so  that  the  signatures  may  be  identified; 
iincreased  rapidity,  and  consequent  economy  in  the  construc- 
Ition  of  telegraphic  lines.  The  secrecy  of  correspondence  would 
lalso  be  maintained,  as  the  copying  telegraph  would  afford 
eculiar  facility  for  transmitting  messages  in  cipher.  As  an 
ditional  means  of  secrecy,  the  messages  may  be  transmitted 
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invisibly  by  moistening  the  paper  with  diluted  muriatic  acid 
alone ;  the  writing  being  subsequently  rendered  visible  by 
application  of  the  pnissiate  of  potass,  the  most  delicate  test  of 
the  presence  of  iron.  The  instantaneous  appearance  of  the 
writing  on  an  apparently  blank  piece  of  paper  has  a  very 
curious  and  astonishing  effect. 

The  accompanying  illustration  (fig.  372)  shows  the  form  in 
which  the  writing  is  produced  at  the  distant  station. 


Fig.  372. 


Professor  Wheatstone's  universal  telegraph  consists  of  two 
parts  or  instruments,  the  telegraph  itself  and  another  called 
the  communicator.  This  telegraph,  with  all  the  apparatus 
for  working  it,  is  contained  in  a  small  box,  much  smaller  than 
a  lady's  work-box.  It  has  a  handle  Kke  that  of  a  barrel  organ 
in  front  of  it.  On  the  upper  surface  there  is  a  disc  or  clock 
face.  This  face,  instead  of  having  the  hours  marked  round  its 
circumference,  has  its  thirty  equal  divisions  on  its  outer  edge 
marked  by  the  letters  of  the  alphabet,  three  stops,  and  a  cross. 
The  inner  row  has  the  nine  digits  and  zero  repeated  twice. 
There  is  a  hand  Hke  the  hour-hand  of  the  clock,  which  is 
made,  by  the  mechanism  hereafter  to  be  described,  to  point  to 
these  letters,  stops,  or  figures,  at  the  will  of  the  operator. 
Round  this  lettered  disc  are  thirty  keys,  like  those  of  an 
accordion,  which  can  be  depressed  by  the  finger,  one  for  each 
letter  or  sign.  It  is  not  much  larger  than  an  ordinary  ship's 
chronometer.  The  communicator  is  something  Hke  a  watch, 
a  little  larger,  indeed,  fixed  on  a  stand  in  a  convenient  posi- 
tion for  observing  the  dial :  it  rests  on  a  small  stand,  which 
contains  the  apparatus  for  working  an  alarum  bell.  The  face 
of  the  communicator  has  thirty  divisions  lilte  the  telegraph, 
with  its  double  circle  of  letters  and  figures,  and  its  moveable 
hand  or  index.  It  possesses  very  great  advantages  for  private 
purposes  ;  it  needs  no  galvanic  apparatus,  with  corrosive  acids, 
nor  does  it  require  great  skill  in  its  preparation  for  use.  There 
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are  no  fumes  to  be  avoided,  no  trouble  and  risk  in  amalga- 
mating plates.  A  simple  coil  apparatus  and  a  magnet  enclosed 
in  the  telegraph-box,  do  all  the  work  of  the  electric-ariel, 
without  risk  of  getting  out  of  order  or  being  deranged  by  a 
cliimsy  hand.  Professor  Wheatstone  has  discovered  that,  for 
moderate  distances,  say  for  twenty  miles,  his  electric  road  only 
requires  a  copper  wire  about  the  thickness  of  an  ordinary 
piece  of  cotton  thread.  Thii'ty  such  wires,  each  covered  with 
a  thin  coating  of  india-rubber  and  linen,  can  be  combined  into 
a  cable  about  the  thickness  of  the  little  finger.  Thus  thirty 
private  electric  roads,  perfectly  insulated  from  each  other,  can 
be  combined  in  one  rope,  not  very  much  thicker  than  the 
wires  now  used  for  electric  ways  along  the  sides  of  our  rail- 
ways. This  marks  another  great  stride  in  telegraphy — the 
substitution  of  india-rubber  for  gutta  percha  as  an  insulator. 
Messrs.  Silver  and  Co.  have  succeeded  in  demonstrating  to 
the  best  telegraphists,  that  they  can  manufacture  an  india- 
rubber  insulation  for  wires  which  shall  make  us  independent 
of  the  constant  failure  of  gutta  percha  as  an  insulator.  The 
insulation  of  india-rubber  is  not  only  superior  to  gutta  percha, 
but  it  resists  the  heat  which  would  entirely  melt  the  latter. 
"We  rejoice  to  see  that  Professor  Wheatstone,  who  took  such  a 
distinguished  position  in  the  introduction  of  the  telegraph, 
stiU  keeps  foremost  in  the  race  of  telegraphic  progress. 

Mr.  G.  R.  Smith's  comic  electric  telegraph  would,  no 
doubt,  prove  an  amusing  and  instructive  toy,  as  it  might  be 
used  to  illustrate  the  principle  of  magnetic  induction  to  chil- 
dren (fig.  373). 

The  action  on  the  eyes  and  mouth  of  a  comic  face  is  pro- 
duced by  three  bent  iron  bars  within  the  figure,  which  are 
rendered  magnetic  by  induction,  and  attract  either  of  the 
features  as  above  by  means  of  armatures  attached  thereto.  In 
addition  to  these  novel  signals,  there  are  also  the  signs  — ,  + , 
and  \ ,  by  which  not  only  all  the  letters  of  the  alphabet  are 
represented,  but  also  the  end  of  each  word  and  sentence 
respectively  properly  indicated.  These  signals  are  shown  by 
the  elevation  of  shutters  above  the  face.  As  each  bar  is  capa- 
'.  ble  of  being  separately  magnetized,  either  of  the  signals  can  be 
I  shown  at  the  will  of  the  manipulator,  by  touching  the  corre- 
i  spending  key  in  front  of  the  figure. 

In  concluding  our  volume,  we  must  notice  another  triumph 
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achieved  by  a  mind  devoted  to  scientific  investigation,  and  that 
is,  the  measurement  of  the  duration  of  an  electrical  spai-k,  and 


Pig.  373. 

of  the  rate  of  its  passage  along  a  wire,  by  Professor  "Wheat- 
stone.  By  an  ingeniously  contrived  apparatus  he  proved  that 
the  duration  of  the  electric  spark  never  exceeds  a  millionth 
part  of  a  second,  and  that  its  velocity  along  wire  is  288,000 
miles  in  a  second  ! 

The  learned  philosopher,  to  illustrate  that  by  this  transient 
light  an  object  in  rapid  motion  might  be  viewed  as  if  at  rest, 
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had  a  circular  disc  divided  into  three  compartments,  on  which 
he  painted  the  three  primitive  colours,  red,  bhie,  and  yellow. 
This  he  caused  to  revolve  with  great  velocity,  until  the  three 
colours  appeared  nearly  white.  He  next  darkened  the  room, 
and  threw  the  light  of  an  electric  spark  on  the  disc,  when  the 
spectators  saw  the  colours  as  if  the  disc  were  at  perfect  rest. 

Subsequently  Mr. Pox  Talbot  produced  an  extremely  sensitive 
prepared  piece  of  photographic  paper,  and  in  June  1851,  at  the 
Eoyal  Institution,  placed  it  in  a  camera  directed  to  a  printed 
paper  fixed  on  a  wheel.  The  wheel  was  turned  by  a  handle  until 
the  greatest  velocity  was  attained  that  coiild  be  given  to  it. 
The  camera  was  then  opened,  and  a  powerful  electric  battery 
was  discharged  in  front  of  the  wheel,  illuminating  it  with  a 
sudden  flash  of  brilliant  light.  The  paper  was  then  taken  out 
of  the  camera,  and  after  applying  the  developing  solution,  a 
distinct  image  of  the  printed  words  was  found  beautifully  im- 
pressed on  the  paper. 

Thus,  then,  the  last  convulsive  strain  of  a  Flying  Childers 
at  a  winning-post  may  be  caught  as  it  truly  existed ;  or  an 
express  train,  moving  at  a  rate  beyond  muscular  powers  in  an 
animal,  or  more  speedy  than  the  vdngs  of  the  wind,  may  be 
transferred  to  a  photographic  plate  as  if  it  were  at  rest ;  for 
the  utmost  speed  that  can  be  given  by  man  is  but  rest  in 
comparison  to  the  flight  of  electricity. 

What,  after  this,  is  the  most  brilliant  conception  of  the 
human  mind  in  the  region  of  imagination  ?  True  demonstrable 
poetry  exists  in  the  world  of  science. 
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Light,  reflexion  of,  282. 

 ,  refracted,  288. 

 ,  refractive,  the  laws  of,  292. 

 ,  shadow  of,  279. 

 ,  sources  of,  276. 

 ,  spectrum  analyses  of,  414. 

 ,  theoi-y  of  the  ray  of,  310. 

 ,  transmitted,  280. 

 ,  vision  defective  through  re- 
fraction, 290. 
Lightning,  463. 
Loadstone,  515. 
Luminous  bodies,  277. 

Magdeburg's  hemispheres,  154. 
Magic  lantern,  the,  394. 

 perspective,  286. 

Magnet,  properties  of  the,  515. 

 ,  the  declination,  525. 

 ,  the  horizontal-force,  .526. 

 ,  the  vertical-force,  528. 

Magnetic  poles,  the,  .521. 

 observations,  523. 

 axis,  517. 

Magnetism,  its  discovery,  512. 
Magneto-electric  machine,  540. 
Malleability,  10. 
Matter,  brittleness  of,  9. 

 ,  consistence  of,  6. 

 ,  density  of,  8. 

 ,  divisibility  of,  3. 

 ,  ductility  of,  10. 

 ,  elasticity  of,  11. 

 ,  hardness  of,  8. 

 ,  inactivity  of,  35. 

 ,  indestructibility  of,  2. 

 ,  nature  of,  1. 

 ,  pliability  of,  11. 

 ,  resistance  of,  3. 

 ,  state  of  aggregation,  6. 

 ,  tenacity  of,  9. 

Matteucci'sgalvanicexperiments,  501 . 
Mechanics,  60. 

Mechanism  of  the  human  frame,  73. 

 of  other  portions  of  the  animal 

economy,  90. 
Micrometer,  astronomical,  366. 
Microscope,  the,  373. 

 ,  Mr.  Lister's  improvement,  370. 

 ,  solar,  380. 

Microscope,  hydro-oxygen,  382. 
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Mirrors,  282. 
Momentum,  42. 
Motion  of  bodies,  57. 

 ,  composition  of,  40. 

 of  projectiles,  50. 

 of  ship  sailing,  125. 

- — -  of  the  sea,  130. 

 and  forces,  33,  37. 

 ,  common,  33. 

 ,  relative,  34. 

— r— ,  absolute,  34. 

 ,  rapid,  35. 

 ,  slow,  35. 

 ,  rectilinear,  35. 

 ,  curvilinear,  35. 

 ,  uniform,  35. 

 ,  accelerated,  35. 

 ,  retarded,  35. 

 ,  inertia,  35. 

 ,  laws  of,  38. 

 ,  reflexion  of,  45. 

 ,  reaction,  46. 

Muscular  power,  human,  88. 

Music,  223. 

Mural  circle,  the,  365. 

Negretti  and  Zambra's  maximum  and 

minimum  thermometers,  249. 
Newton's  spectrum,  306. 

 ,  on  ^^sion,  331. 

Nitrogen,  149. 
Nobert's  (M.)  lines,  380. 

Objects,  dimension  of,  386. 

 of  a  landscape,  381. 

 ,  impression  of,  on  the  eye,  332. 

Ophthalmoscope,  330. 
Optical  illusions,  333. 
Optics,  274. 

 applied  to  lenses,  295. 

Oxygen,  149. 
Ozone,  477. 

Papin's  (Dr.)  digester,  157. 
Parker's  burning-lens,  302. 
Parsey's  air-engine,  200. 
Partington's  water-clock,  123. 
Pendulum,  51. 

 ,  compensation,  64. 

 ,  length  of,  52. 

 ,  motion  of,  calculated,  52, 


Pendulum,  vibrations  of,  53. 

 experiments,  58. 

Persian  water-wheel,  141. 
Perspective  magic,  286. 
Phantasmagoria,  395. 
Photo-galvanographic  process,  403. 
Photograpliic  engraving,  402. 
Photography,  397. 

 ,  Talbotype  or  Calotype,  400. 

 ,  waxed-paper  process,  400. 

 ,  albumen  process,  401. 

 ,  collodion  process,  401. 

 ,  Daguerreotype  process,  40i. 

 ,  printing  by,  400. 

  applied  to  magnetic  registra 

tion,  532. 
Photo-lithography,  402. 
Planets,  the  illuminating  power  of 

277. 

Pneumatics,  146. 

Pneumatic  trough,  185. 

Polariscope,  Malus's,  425. 

 ,  Biot's,  426. 

 ,  Woodward's,  435. 

  in  connexion  with  the  micro- 
scope, 438. 

Polarization  of  light,  418. 

 by  the  tourmaline,  424. 

 of  glass,  431. 

 ,  Faraday's  experiments,  431. 

 ,  circular,  431. 

 ,  Biot's  table  of  circular,  434. 

Positive  and  negative  pictures,  300. 

Prisms,  refraction  tlu-ough,  304. 

 ,  dissection  of  a  ray  of  light  l>v. 

306. 

Projectiles,  motion  of,  50. 
Pulley,  the,  69. 
Pump,  the  chain-,  134. 

 ,  the  screw-,  142. 

 ,  common  water-,  158. 

 ,  the  forcing,  161. 

 ,  the  centrifugal,  136. 

Pseudoscope,  Wlieatstone's,  347. 
Pyrometer,  Daniell's,  244,  252. 

Eain,  178. 
Eainbow,  317. 

Rays  of  light,  analysis  of,  306. 

 ,  nature  of  tlie  sun's,  312. 

 ,  theory  of  the  ray,  310. 
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Eays,  length  of  Herschel's,  311. 

 ,  Fi-aunhofer's,  311. 

 ,  red,  309. 

 ,  refraction  of,  288. 

Repulsion,  31. 

Eeymond  (M.  Dubois)  on  animal 

electricity,  405. 
Eosse's  (Lord)  telescope,  353. 
'.  Rotation  of  earth  shown,  59. 
Ruhmkorffs  electro-magnetic  ma- 
chine, 579. 
Rumford's  (Count)  experiments  on 

heat,  254. 
i  Rutherford's  thermometer,  248. 

^Saragossa,  leaning  tower  at,  28. 

s  Scale-beam,  the,  63. 

^Screw,  the,  71. 

^Sea,  motion  of  the,  130. 

.•Sexton's  magneto-electric  machine, 

540. 
.-Shadows,  279. 
feShips,  sailing  of,  125. 
SSight,  327. 

 ,  short,  327. 

 ,  long,  328. 

•,  defective,  329. 
■  defective  from  refraction,  290. 
Siphon,  the,  170. 

 ,  the  dipping,  172. 

3mee(Mr.)  on  animal  electricity,  504. 
Smith's  comic  electric  telegraph,  549. 
Snow,  271. 
Snow  crystals,  8. 
Sound,  313. 

 ,  musical,  223. 

 ,  waves  of,  217. 

 ,  reflected,  218. 

Specific  gravity,  20.  . 
Spectre  of  the  Hartz  Mountains  and 

ship,  294. 
Spectrum  analysis,  414. 

 ,  the  solar,  306. 

 ,  length  of  coloured  rays,  311. 

;peech,  228. 
itars,  light  from,  368. 
iteam  and  its  application,  203. 
iteam-engine,  the,  210. 

 ,  Newcomen's,  208. 

'-teel-yard,  the,  63. 
stereoscope,  the,  338. 


Stereoscope,  theory  of,  340. 

 ,  Wheatstone's  reflecting,  341. 

 ,  refracting,  342. 

Stereoscope,  crystals,  diagrams  seen 

in  the,  344. 
Stethoscope,  the,  214. 
Sun,  influence  of,  18. 
Sun's  rays,  nature  of,  312. 
Syringes,  165. 

Talbotype,  the,  400. 
Tantalus's  cup,  173. 
Telescope,  347. 

 ,  Galilean,  348. 

 ,  Gregorian,  351. 

 ,  a  cheap,  348. 

 ,  Newtonian,  352. 

 ,  Herschel's,  352. 

 ,  Lord  Rosse's,  353. 

 ,  "  sectional  view  of, 

356. 

 ,  DoUond's  improvement,  359. 

 ,  magnifying  power  of,  360. 

 ,  the  water-,  439. 

Thermometers,  244. 

 ,  Leslie's  difi'erential,  245. 

 ,  Rutherford's,  248. 

 ,  Negretti  and  Zambra's,  249. 

 ,  maximum,  250. 

 ,  minimum,  251. 

 ,  Centigrade,  246. 

Thunder-clouds,  464. 

 storms,  465. 

 house,  466. 

Time-ball,  Greenwich,  57. 
Toledo-blade,  the,  12. 
Tooth,  structure  of,  77. 
Torpedo,  the,  50-<. 
Torricellian  vacuums,  482. 
Transit  instrument,  the,  362. 

Velocity,  41. 

 of  falling  bodies,  44. 

Vision.  325. 

 ,  Dr.  Alison  on,  325. 

 ,  erect,  326. 

 ,  imperfect,  327. 

 ,  disordered,  332. 

 ,  single,  337. 

 double,  331. 

 ,  defective  from  refraction,  290. 
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Vision,  stereoscopic,  228. 

Visual  angle,  338. 

Vital  action  a  source  of  heat,  240. 

Voice,  human,  233. 

— — ,  table  of  articulations,  233. 

Voltaic  electricity,  468. 

 battery,  471. 

 decomposition,  475. 

 explosions,  489. 

  heat  and  light,  494. 

•  Volta's  eudiometer,  243. 

Watch,  construction  of,  56. 
Water,  pressure  of,  121. 

 clock,  123. 

 ,  flow  of,  in  channels,  124. 

 as  a  motive  power,  128. 

 ,  machine  for  lifting,  132. 

 spouts,  468. 

 telescope,  439. 

 wheels,  135. 

 wheel,  Persian,  141. 

 ,  horn-drum,  140. 

Waves,  131. 


Way's  electric  light,  495. 
Weather-glass,  the,  176. 

 wisdom,  180. 

Wedge,  the,  72. 

Wedgwood's  pyrometer,  252. 

Weight,  18. 

Well,  artesian,  108. 

Westminster  Bridge  echo,  219. 

Wheatstone's  (Professor)  universal 

telegraph,  550. 

 stereoscope,  338. 

 pseudoscope,  347. 

Wlieel  and  axle,  the,  66. 
Windlass,  the,  67. 
Wind-mill,  the,  37. 
Winds,  natm-e  of,  182. 
WoUaston's  battery,  473. 
Woodward's  (Mr.)  solar  microscope, 

381. 

Young's  (Dr.)  theory  of  interference, 
412. 

 on  acoustics,  226. 


